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ABSTRACT
The integration of land settlement under Nucleus Estate-Smallholder 
(NES) schemes in Indonesia is aimed at increasing export crop production 
and improving the settlers' well-being. In spite of improvements in the 
schemes' implementation, profit-maximising farm plans have rarely been 
formulated and used as a basis for settlement development. As a result, 
the productivity of existing resources has not been optimised. 
Consequently, incomes accruing to the farms have not been a stimulus to 
the development of both settlements and regions.
This study seeks to devise an optima] farm plan that maximises farm 
incomes within the framework imposed by limited resources and other 
restraints. The approach is a combination of static linear programming 
and multi-period budgeting. Although planning for long-lasting perennial 
crop farming systems can be handled by dynamic linear programming, this 
technique requires a main-frame computer. Such computational facilities 
are not available at a regional planning level. By contrast, the chosen 
approach relies on readily available microcomputer hardware and 
software. Thus, the technique can be adopted even at more remote 
regional planning offices.
The optimal farm plan is formulated in three steps. First, static 
linear programming is employed to formulate an optimal combination of 
enterprises when the farm is assumed to be at 'maturity'. This is when 
the main perennial (rubber) reaches its yield plateau. Two perennial 
crops, rubber and coconut, are included in the optimal plan. The former 
is forced into the farm plan by the scheme management (nucleus estate), 
while the latter dominates the third of the three parcels of land that 
make up the settler's holding.
Based on this solution, in the second step, a linear programming 
problem at 'immaturity' is specified. Here, the perennials are given 
equality constraints at their mature levels although their current 
returns are negative. Also, intercropping is allowed on the perennial
Vblocks for the first several years. Static linear programming is used to 
derive the optimal farm plan at immaturity.
In the third step, multi-period budgeting is employed to link the 
optimal static solutions and to span the total 30 year planning horizon.
The empirical results show that rubber, with the establishment cost 
charged to the settler, does not pay. The rubber block is subsidised not 
only by the government through its credit scheme, but also by the other 
crops. Intercropping the rubber block for the first three years and the 
coconut block for five years, allows the second parcel of farm land to 
remain fallow. The delay in utilising this parcel has two advantages. 
Firstly, the nucleus estate will have sufficient time to clear the 
second parcel and allot it to the settler. Therefore, together with the 
settler, they can concentrate on the upkeep of the immature rubber. 
Secondly, the newly opened second parcel of farm land will give good 
yields, at least for several years, before the demanding efforts of soil 
management need to be undertaken.
Without taking explicit account of the cost of family labour, the 
investment in the farm as a whole is highly remunerative as is shown by 
its benefit-cost ratio of 2.3. The internal rate of return is 37.8 per 
cent. Net income, as a return to family labour and management, is 
substantially higher than the poverty level that settlers are assumed to 
face in their places of origin. The sum of net present value is more 
sensitive to changes (over the whole planning horizon) in the gross 
revenue than to material costs.
However, it is important to stress that the actual solution should 
not be used for any current policy conclusions owing to the inadequacy 
of the data used. What is far more important is that this study has 
demonstrated an innovative technique for optimal planning of 
long-lasting farming systems. The combination of static linear 
programming and dynamic budgeting provides a wider range of economic 
measures than does either technique in isolation.
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1CHAPTER 1 
INTRODUCTION
1.1 Statement of the Problem
In addition to relieving population pressure in crowded rural 
areas, settlement schemes1 in Indonesia are typically justified on the 
basis of improving the standard of living of the settlers and inducing 
economic development into the new areas. However, as noted by Wardhani 
(1976, p.4), welfare and development criteria are rarely met.
Recognising past mistakes, many improvements and alternative 
organisational arrangements in the implementation of the transmigration 
programme have been tried. Recently, some policy measures have been 
taken regarding the integration of some transmigration areas into 
nucleus estate-smallholder (NES) schemes. Despite the improving 
settlement program in Indonesia, low income problems appear to be the 
most serious ones and persistently prevail in almost all of the 
settlements. Consequently, government's objective of inducing economic 
development in the more remote regions has not been met since 
agricultural production has been so low as to prevent the settlers' 
purchasing power being a stimulus to development.
The importance of incomes for inducing economic development is 
self-evident. As emphasised by Scudder (1985, p.122), settler incomes 
are among the crucial features that produce multiplier socioeconomic 
effects. Sufficiently high income stimulates the purchase of a wide 
range of locally available production and consumption goods and 
services. In other words, incomes provide an important link between 
settlements and their surrounding areas. This is also what the 
government expected, settlements were to play an important role as 
growth centres for remote and relatively isolated areas.
Settlement schemes here mean the establishment of farms in new areas 
under the government's transmigration programme.
2There are two main causes which contribute to low income problems. 
First, there are those factors external to the settlers and beyond their 
control. For example, most of their land holdings are poor in terms of 
soil condition, and the majority of the settlers have insufficient 
capital and no easy access to credit facilities for their farming 
activities. Under such conditions, the settlers find it difficult to 
increase their agricultural production substantially, and therefore 
their incomes remain low.
Second, low income problems are in part caused by factors inherent 
in the settlements. For example, resource allocation and the choice of 
production methods are among the factors that should be, but are often 
not, under the control of the settlers. Regarding this, farm plan 
formulation, in particular, deals with these two factors to obtain 
efficiency in the allocation of available resources and to choose 
production methods that suit the environmental and physical constraints 
of the farms. They should also meet the objectives of the settlers 
themselves within the constraints imposed by their labour and skills. It 
is an important question as to whether improvements in farm planning 
can, to some extent, alleviate low income problems and give rise to 
inducements towards of the more rapid economic development of the 
regions.
As asserted by Heady (1971, p.7), farm planning and decision making 
exist in all farms and in all countries irrespective of the economic and 
social systems. Plans and decisions may originate dominantly either at 
the farm level or at a more aggregative level. In some countries, they 
are established through sophisticated and systematic procedures, while 
in others they may be derived in a more pragmatic way. In some they may 
be well articulated, in others inherited through generations of 
experience.
Although farms may differ from one another in size; economic or 
social organisation; market orientation; ownership; goals and other 
attributes, this does not obviate the fact that they do have 
similarities. For example, all farms have several limited physical 
resources that should be allocated among competitive enterprises and 
activities. In addition, institutional or subjective restraints exist in 
all farms and restrict the range of feasible plans. Furthermore, all
3farms have an objective function to be maximised or goal to be 
approached to which weights are attached for the purpose of evaluating 
or expressing the contribution of alternative feasible plans to the 
specified objective or goal. Given goals and constraints, farm planning 
techniques are generally applicable to all farms regardless of 
differences in their attributes.
Regarding their sophistication and systematisation, there are three 
main alternatives for farm plan formulation. The comparison technique, 
which is undoubtedly the oldest method, is widely used at the farm level 
by individual farmers. This simply involves the process of taking 
neighbouring farms as models for possible courses of action (Baker 1971, 
p . 41 ) . In its most simple form it is just based on observation, and its 
application does not require a high level of numerate skill. However, 
once taken from the casual observation of one farmer of another to 
formal research by extension personnel it can become statistically 
sophisticated. In spite of its advantages in a localised situation, it 
has disadvantages in terms of drawing wide inferences.
Alternatively, budgeting techniques can be used to handle more 
activities with some advantages in their application in real situations. 
These techniques, however, require consistent records of all farm 
activities, which is time consuming, and highly skilled operators. 
Furthermore, they become less effective when dealing with relatively 
large numbers of constraints and choices of enterprises. In addition, it 
is an inefficient technique if a profit-maximising plan is being sought.
The third alternative is the set of formal mathematical programming 
techniques which have been widely used since initial developments during 
World War II. Over the past four decades they have been widely used for 
formulating optimal farm plans. These techniques, which include static 
linear-, dynamic-, integer-, quadratic-, goal- and Monte Carlo 
programming, are powerful planning tools since they are quite adaptable 
to a wide range of problems confronted by decision makers. However, once 
again, mathematical modelling is skill intensive and can be costly in 
computer use. These techniques generally give a single optimal solution 
for a single objective function, say, profit maximisation or cost 
minimisation, subject to a set of constraints. Extensive tests of 
stability, the parameterisation of constraints and the duality
4conditions allow for a rich harvest of conclusions. For all but the most 
simple problems, mathematical programming requires the use of a 
computer.
Temporal changes in agricultural production frequently divert the 
results of plans away from the expected outcome. For example, changes in 
the demand for a particular product, as a result of changes in 
consumers' preferences and taste, may make a current enterprise 
combination obsolete. Again, rapidly changing technology can have 
similar effects on farm plans. Through the improvements in agricultural 
technology such as improved seeds, fertilizers and agricultural tools, 
it may be possible to obtain higher production with the same costs or to 
maintain the same level of production with the reduced costs. This may 
provide new alternative production methods that could be taken into 
consideration for better performance of the farm as a unit of 
production. In such circumstances, mathematical programming appears to 
be superior to the other two techniques, comparison and budgeting. It 
can allow planners to incorporate new information into the farm plans, 
and whenever necessary, revise them partially or wholly. Advances in 
both computer hardware and software allow for vast computational 
operations of mathematical programming to be done relatively easy and 
quickly.
Farm plans for settlement schemes in Indonesia are mainly 
formulated at the aggregative level. Individual farms are too small for 
each to have its own specific plan. Also, the settlers cannot afford the 
excessive cost in time and resources for such detailed planning. But, 
even at an aggregative level, farm plans are rarely formulated in such a 
way that optimises resource use. In other words, the allocation of the 
limited resources available on the farms has not been optimised. 
Furthermore, these plans often include enterprises with high input 
components that are beyond the settlers' capacities. When such farm 
plans do not convince the settlers, they usually turn to their own 
informal plans, which are based on agricultural skills inherited from 
their parents in their places of origin or derived from comparison with 
neighbouring farms. Despite the difference in resource endowment, they 
often operate their farms in the same way as those in places of origin, 
even if these are sometimes inappropriate for the new areas. Where this
5happens agricultural production may be low and their low income problems 
remain.
With the available information, which is often insufficient,
planners in the central administration try to incorporate the objectives
of both decision makers (or scheme management) and settlers in the
proposed plans. The settlers' objectives, on the one hand, may include
food self-sufficiency and the achievement of higher incomes within a
relatively short period. On the other hand, the scheme management's
objectives may consist of land conservation, export crop promotion,
resettlement of a maximum number of people from crowded locations,
raising incomes, and the settlement of border regions. The objectives of
both parties, scheme management and settlers, may not be entirely 
2complementary. Modern formal planning models can help identify the 
magnitude of such conflicts and suggest possible compromises.
Most recent settlement schemes in Indonesia include the specific 
development of a substantial (often dominant) perennial crop component. 
Dynamic analysis is possible using multi-period linear programming, but 
this results in very large matrices, which can only be handled by a 
main-frame computer. Similarly, dynamic programming with realistic 
choices of enterprises over long time horizons requires main-frame 
computation. An alternative dynamic planning approach needs to be found 
for planners operating at regional centres who are limited to 
microcomputers.
1.2 Objectives of the Study
The main purpose of this study is to show the merits of combining 
static linear programming and multi-period budgeting to formulate 
dynamic farm plans. This new approach can be used as an appropriate 
substitute for dynamic linear programming since it is modest in its 
computer requirements. The advent of microcomputer technology makes it 
possible for the approach to be adopted in regional planner offices.
2Conflicting objectives that may lead to an infeasible solution can be 
compromised through some programming manipulations, so they exist in the 
optimum farm plans. Goal programming is one of the techniques that is 
available for this purpose. For extensive discussion on this technique, 
see Lee (3972); and also Romero and Rehman (1985) for its application in 
farm planning.
6Nucleus estate-smallholders (NES) schemes, based primarily around a 
perennial crop (rubber), will be used as the model. The size of land 
that must be under a pure stand of rubber is seen as the scheme 
management's objective, while food self-sufficiency, income maximisation 
and increasing income over time are seen as the settlers' objectives. 
Taking these objectives into consideration and examining a wider range 
of resource supplies and alternative production possibilities, the 
analysis is aimed at seeking a farming system which gives rise to the 
improvement of both productivity and resource use, and maximise farm 
income simultaneously. The dynamic changes in settler incomes will also 
be examined.
1.3 Methodology
This study follows a whole farm approach and examines the 
allocation of available resources such as land, labour and capital to a 
series of possible enterprises. The model farm as a system is expressed 
in the form of an input-output matrix, where the input vector represents 
the enterprise requirements of resources and the output vector 
represents the gross margins. Physical resource constraints and 
subjective restraints exist on the right hand side (RHS) of the matrix.
A dynamic farm plan is formulated as a stepwise procedure. Using 
static linear programming, an optimal plan (or enterprise combination) 
at 'maturity' is first sought. Due to its static nature, this linear 
programming solution depicts an optimum attainment only at a particular 
point (year) in the life-span of a farming system, at which the 
perennial reaches its 'mature' yield. Such a solution says nothing about 
the situation at 'immaturity', during which the perennials absorb large 
inputs with no output, nor about the growth process to 'maturity'.
To depict the situation at immaturity, a second step is undertaken. 
In this step, static linear programming is again employed to formulate 
an optimal farm plan, bearing in mind that the farm must be committed to 
perennials that exist in the solution at maturity. These two points 
(years), at immaturity and maturity, are 'linked' using multi-period 
budgeting to show the plan's outcomes over the whole planning horizon. 
Comparative static (comparing the immature and mature plans) and dynamic 
analysis (multi-period budgets) will be used to judge the improvement in 
farm income over time.
7The bulk of the data for the analysis is obtained from a study done 
by Wardhani (1976). The use of the data set that is 14 years old is far 
from ideal but was resorted to because attempts to obtain more recent 
relevant farm level data were unsuccessful within the time available. 
For the purpose of consistency, prices were not updated. Instead, 
additional data on prices of input and output of new enterprises, which 
are introduced in this study, are indexed to 1972 prices.
1.4 Structure of the Thesis
Following the short djscussion of the study's central issue given 
in this chapter, background information on the government's 
transmigration policies and nucleus estate-smallholder (NFS) settlement 
schemes is presented in Chapter 2. The basic concepts of static linear 
programming and multi-period budgeting techniques are presented in 
Chapter 3 supported by a brief literature review. The mathematical model 
for linear programming and the basic input-output matrix for the 
'at-maturity' problems are presented in Chapter 4. Optimal solutions 
are presented in Chapter 5, followed by the construction of linear 
programming problems at 'immaturity' and their corresponding matrices. 
The solutions are then analysed, and the most relevant model is chosen. 
The chapter also includes the multi-budgeting procedure and budget 
results. In Chapter 6, the stability of the chosen plan, sensitivity 
analyses of the economic outcomes and a discussion of the results are 
presented, followed by the concluding remarks.
8CHAPTER 2
THE SETTLEMENT PERSPECTIVE
This chapter highlights the settlement perspective of the 
inter-connected programmes: transmigration and nucleus estate- 
smallholder (NES) systems. It includes a brief historical background of 
these two programmes. Lessons from past experience could lead to 
improvements in the programme's implementation. Changes in the 
objectives of the transmigration programme and the integration of some 
settlements under nucleus estate-smallholder schemes bring a new 
restraint to farms' production activities. This restraint exists in the 
form of a specified amount of land, usually two hectares, that must be 
under a perennial crop, typically rubber or oil palm.
The government's plans concerning these two programmes in the 
Fourth Five Year Development (1984-1988) are discussed to give some 
insights into the development course of these settlements. The increase 
in the quantity of settlement needs to be accompanied by improvements in 
its quality. As good agricultural land becomes scarce (and perhaps also 
other resources), higher production can only be achieved through an 
optimal allocation of resources. Appropriate farm planning techniques 
can assist in such improvements.
The current planning practices and farming systems for settlement 
schemes are also briefly discussed to give some idea of the subjective 
restraints 'imposed' by the scheme management and the settler. These may 
restrict the range of feasible solutions.
92.1 Transmigration
2.1.1 Historical Background
One of the most frequently remarked-upon characteristics of 
Indonesia's demography is the uneven distribution of its population. 
According to the 1980 Census, nearly 62 per cent of the total population 
lived in Java, which is only seven per cent of the nation's land area 
(Indonesia. Department of Information 1984, p.374). Java and other 
relatively crowded islands: Madura, Bali and Nusa Tenggara Barat, known 
as the inner islands, are stipulated as the places of origin for the 
government's migration policy. Population densities in both rural and 
urban areas of this region are much higher than those of the outer 
is lands.
High population densities in rural areas put a severe pressure on 
agricultural land, especially in the upland regions of Java. This 
explains why peasants cultivate very marginal lands intensively despite 
low and declining yields. In these regions there are 700 to 900 people 
per square kilometer of agricultural land, and in some subdistricts 
population densities range as high as 2,000 per square kilometer. The 
average land holding is 0.7 hectares, but most holdings are under 0.4 
hectares and many rural households are landless. Over half of rural 
Java's households fall below an absolute poverty line, and most upland 
areas are poorer than lowland irrigated rice-growing regions. These poor 
and also underemployed Javanese households maintain pressure on all 
available agricultural land (Repetto 1986, p.14).
The wide disparity of population density between the inner and 
outer islands largely reflects the reality of major ecological 
differences, especially soil, which influence the regions' capacity for 
sustained intensive cultivation of food. This problem is aggravated by 
contemporary development that reinforces various sectoral and social 
inequalities between the regions. The present inter-provincial 
migration patterns may be seen as a reflection of these inequalities.
Of those patterns, the government-assisted migration is expected 
can play an important role in 'siphoning-off' the population pressure in 
the inner islands. Such migrations have been conducted since the Dutch 
Colonial period. The first implementation of government-assisted 
migration commenced in 1905. This was called the 'colonisation' scheme.
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This scheme was motivated, to some extent, by the desire to relieve 
population pressure in Java at that time. Actually, the Dutch Government 
was undoubtedly aware of, and motivated by, the advantages that could be 
gained in later years from a larger supply of labour for the development 
of plantations outside Java (Suratman 1977).
Until 1941, under the colonisation scheme, 189,938 people had been 
moved from Java to three islands: Sumatra, Sulawesi and Kalimantan. 
Obviously, such a relatively small number of people did not relieve the 
population pressure in Java, which was inhabited by nearly 30 million 
people with only 7.5 million in the other islands. From the Dutch point 
of view, however, it was a successful scheme since they were able to 
develop many large plantations that contributed greatly the colonial 
economy.
After Independence, the Government of Indonesia replaced the 
'colonisation' scheme with the 'transmigration' programme and made 
relatively small changes in the implementation of the programme. During 
the 1951-1960 period, with more emphasis on reducing the population 
problem in Java, only 245,966 people were moved. Yet, in its Eight Year 
Development Plan (1961-1968) the Government of Indonesia planned gradual 
annual increases in the target numbers. Starting by resettling 15,000 
families (approximately 75,000 people) in the first year of the Plan. Up 
to 1965 only 141,844 people were resettled.
In four successive Five Year Development Plans the targets were 
increased quite substantially. In the First Five Year Development Plan 
(1969-1973) the target number was set at 50,000 families (approximately 
250,000 people) and the realisation was 182,414 people or almost 73 per 
cent of the target. In the Second Plan (1974-1979) the target was to 
move 250,000 families and only 82,954 families or 33 per cent of the 
target was achieved. The target for the Third Plan (1979-1983) was 
increased to 500,000 families and nearly 100 per cent was achieved. In 
the Fourth Plan (1984-1988), which is now being conducted, the target 
was increased further to achieve 750,000 families by the end of the 
period. Since resettlement requires about US$8,000 in public expenditure 
per family, this programme implies enormous costs. With the declining 
revenue from oil exports, the government may not be able to finance such 
an ambitious target. Such a doubt may force the government to put more
11
emphasis on the quality rather than the quantity of settlements. In 
other words, under such circumstances the government is likely to revise 
its target downwards in order to be able to maintain the quality of the 
settlements.
2.1.2 Changes of the Transmigration Programme's Objectives
If the targets of the transmigration programme were attained and 
sustained throughout the 1990s, the increase of Java's rural population 
would be lowered by approximately 5.4 million people in the 1980s and 
6.7 million in the 1990s. In addition, because of the concentration of 
migrants in the young adult age group, the indirect demographic effect 
through lowered fertility would reduce population increase in rural Java 
further by an additional million people. However, this would just about 
hold the line against further increase of rural Java's population, and 
would not reduce the very heavy pressures that already exist (Repetto 
3986, p .15).
It was realised that a single measure, such as the transmigration 
programme, could not solve the inner islands' overpopulation problem. 
Furthermore, many studies showed that the number of people that had been 
moved from the inner islands had not kept pace with the natural increase 
in the region's population. Moreover, past experiences showed that most 
of the targets of the transmigration programme were underachieved. 
These have led the Government of Indonesia to change the objectives of 
the transmigration programme. Less emphasis is now given to solving the 
overpopulation problem; rather, the transmigration programme aims at 
accelerating regional development. Such changes are extensively 
discussed by Hardjono (1977, 1978). Through resettlement schemes many 
sparsely populated areas can be developed as growth centers, based on 
agricultural production growth.
Although agriculture is not a sole activity for the development of 
transmigration areas, most of the emphasis is given to developing this 
sector, for two reasons. Firstly, the majority of settlers are farmers 
(landless or small farmers) who are generally familiar with rice 
cultivation and other annual crops. So, in order not to jeopardise their 
livelihood, the basic activity must be designed to suit settlers' 
abilities and skills, that is, agricultural activities. Secondly, most 
of the sites for transmigration are in remote areas with low
12
accessibility to markets. In spite of living allowances, provided during 
the first 12 or 18 months, settlers must be able to survive on their own 
after this period. For this reason, agriculture appears as a proper 
solution and can provide subsistence in such remote areas.
Based on the minimum land size requirement for subsistence and 
considerations that more settlers should be accomodated, two hectares is 
the bench-mark size of land allocated to each family. This holding is 
divided into three plots: 0.25 hectares for a homestead and one hectare 
as the first farm land, which are received in the first year of their 
arrival; 0.75 hectares as the second farm land allocated in the second 
year. Physically, the last two plots are separated by not more than two 
kilometers distance from the homestead. Where it is possible, tidal or 
gravitational irrigation systems are constructed, mainly for rice 
cultivation.
For the most part, the better agricultural lands are already 
occupied, and land conflicts between the settlers and the linguistically 
and culturally different population of the outer islands have retarded 
the settlement programme. For this reason, most transmigration sites 
have been located in logged-over production forests, or, to a lesser 
extent, in swampy areas that cover huge areas in eastern Sumatra and 
southern Kalimantan. In addition, many transmigrants were located on 
sites either unsuitable for sustained annual cultivation of recommended 
crops, or prepared in ways that seriously impaired their productivity. 
As a result, yields of rice and other annual crops became lower and 
lower, and planned farm incomes were never attained (Repetto 1986, 
P •1 6 ).
Realising that often irrigation systems are extremely difficult (if 
not impossible) to construct, considerable changes are being made 
regarding the development of settlements. More emphasis is now given to 
perennial crops as the base enterprise in the settlements' farming 
system. This will enable the government to place transmigrants on lands 
with slopes regarded as too steep for annual cropping. This will solve, 
in part, the problem of limited land for transmigration sites.
Perennial crops such as rubber were first introduced to settlers in 
South Sumatra under the Project Implementation Unit (PIU), which 
operates in a similar way to a farm co-operative. The settlers' lack of
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experience when dealing with perennial crops, whose production is 
oriented towards international markets, hinders the realisation of 
potential benefits that can be gained from the enterprise. The settlers 
face the same problems as those of smallholders in many parts of 
Indonesia. This has led the Government of Indonesia to establish a 
'plantation mode' of management in the areas where perennial crops such 
as rubber and oil palm are suitable. This is done through an integrated 
programme at the national level to bring about the expansion of small 
scale plantations into transmigration areas. The official name of this 
programme is PIR-Khusus (or Special NES) , that is, a special type of 
nucleus estate-smallholder system (NES) schemes, which has been 
implemented in many regions of Indonesia (Indonesia. Department of 
Agriculture no date, p.5). This scheme is implemented only in the areas 
which are suitable for perennial crops. Further discussion on this 
scheme is presented in Subsection 2.2.2.
2.2 Nucleus Estate-Smallholder Systems
2.2.1 The Development of Smallholding Plantations in Indonesia
The basic distinction between estates (plantations) and 
smallholdings may be found in the criteria of management and hired 
labour. Estates (plantations) may be defined as large agricultural units 
operating on business principles with hired managers and labour (Teken 
1970, cited in Rachman 1978, p .37); producing perennial crops in a 
mono-culture or duo-culture cropping system at a profit (Goldthorpe 
1985, p.4). They usually maintain a close link with research 
organisations, and are characterised by a formal hierarchy of management 
control, specialisation of the workforce and standardisation of 
production techniques. Smallholdings, in contrast, are family operated 
agricultural enterprises with a small unit of operation, traditional way 
of production and low productivity. Family labour may work on its own, 
or in conjunction with some hired labour (Goldthorpe 1985, p.5).
Estates have long been established in Indonesia and have been an 
important source of foreign exchange since the middle of the nineteenth 
century. During the Dutch colonial period, many large plantations 
expanded under private company management. They were directed towards 
export commodity production, such as palm oil and kernels, rubber, 
coffee and tea.
14
Following the expansion of large plantations, many smallholders 
learnt, and were encouraged, to grow similar products. The rubber 
industry may be given as one example. Rubber was first cultivated on 
large units in East Sumatra in 1902, and expanded to Java in 1906. It 
became a lucrative business during the 'boom' prices of 1910 and 1911, 
and stimulated a rapid expansion of both estates and smallholders 
(Rachman 1978, p.35). Another example is the tea industry, which was 
expanded both by direct management of estates and through the 
'cultuurstelse 1' systems by which the farmers were forced to cultivate 
specified crops and make regular deliveries for export (Etherington 
1974, p.85).
Later, the rapid expansion of smallholders during the colonial 
times was seen as a threat to the government protected estates, 
particularly under a rapid decline of export crop prices during the 
Depression. For example, the rapid expansion of rubber smallholders 
slowed down due to the establishment of the International Rubber 
Regulation Agreement in the period 1934-1943. In line with the 
Agreement, the colonial government restricted the production of rubber 
smallholders through the imposition of an excessively high export tax 
(Helmi 1954, cited in Rachman 1978, p.37), which at one time ranged as
high as 83 per cent of the current international price. This was an 
attempt to help estates by curtailing supply and thereby shoring up 
rubber prices (van Gelderen 1939, cited in Dillon 1985, p.116). Even so, 
smallholders continued tapping their rubber trees, owing to the needs 
for daily living expenses.
During the Japanese occupation (1942-1945) export activities were 
prohibited. Practically, no new plantings were made. Instead, large 
numbers of rubber trees were cut down to allow for planting of food 
crops (Rachman 1978, p.38). Substantial areas of other perennial crops, 
such as tea, were also uprooted for the same reason (Etherington 1974, 
P •89).
Despite the turbulence, after Independence the share of 
smallholders in perennial crop exports was quite substantial, indeed, 
larger than that of the estates. Although individually small, their 
large number meant that smallholders were important production units. 
In 1983 smallholders' production counted for nearly 70 per cent of total
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exports from the plantation crops sub-sector as a whole (Indonesia. 
Directorate General of Plantations 1984, p.l). Rubber production 
amounted to about 980 thousand metric tonnes of which 81 per cent was 
produced by smallholders, 14 per cent by government estates, five per 
cent by foreign estates and the remainder by domestic private estates 
(Effendi 1985, p.108). As shown in Table 2-1, perennial crop exports as 
a whole has been the second major source of government revenue.
Table 2-1: Export Revenue from Major Sources, Indonesia (Rp million)
I t e m
1971 1975 1980
(Rpmi11)* % (Rpm.i 11)* % (Rpmi11)** %
1.Oil products, crude 
and natural gas 243,600 43 2,083,620 73 9,815,000 73
2 .Tin 26,880 5 70,560 2 288,125 2
3.Timber 70,980 12 210,840 8 1,149,375 8
4.Rubber 93,240 16 153,300 6 695,625 5
5.Coffee 23,100 4 42,420 2 409,375 3
6.Palm oil and kernels 21,840 4 68,460 2 139,375 1
7.Others 93,660 16 209,580 7 1,032,500 8
Total 573,300 100 2,838,780 100 13,529,375 100
Notes: * Converting at Rp 420 = US$ 1.00 in 1971 and 1975.
** Converting at Rp 625 = US$ 1.00 in 1980.
Source: Table 1 in Barlow and Muharminto 1982, p.43.
Although in relative terms the government revenue from three major 
export crops declined from 24 per cent in 197.1 to 10 per cent in 1975 
and further decreased to nine per cent in 1980; but, in fact this 
decline was due to the substantial increase in the revenue from oil 
exports. In absolute terms, the contribution of these crops to the 
government revenue increased almost four fold at current exchange rates.
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It appears that the majority of smallholders have been operating 
inefficiently, as indicated by their low productivity. Among the causes, 
two factors are common to them: (1) smallholders' inability to adopt 
and implement good management practices, and (2) their incapacity to 
adopt high technology. Both factors are required by export-oriented 
agricultural activities. This problem is aggravated by the fluctuation 
of demand for agricultural products and their prices in world markets. 
In addition, political instability in the past had created unfavourable 
conditions for smallholders to develop. These problems have caused the 
stagnation and eventual abandonment of their crops. The tea industry in 
Indonesia may be given as an example. Area planted data spanning over 
70 years (Table 2-2) shows a steady decline in the area of smallholder 
tea from its peak of 75 thousand hectares in 1940 to 33 thousand 
hectares in 1971, a reduction of more than 50 per cent.
Apart from their low productivity, the majority smallholders 
produced tea of low quality: therefore, they found it difficult to 
compete for good prices in world markets. This low quality was caused by 
poor seedling materials, unsystematic planting procedures, ineffectual 
weeding and pruning, and bad plucking practices (Etherington 1974, 
p.85). In the case of rubber, the majority of smallholders are short of 
cash, so they cannot afford improved planting materials and other 
purchased inputs. They also lack knowledge and improved practices of
Irubber cultivation. As a result, their yields and product qualities are 
consequently poor (Barlow and Muharminto 1982, p.l).
Smallholder plantations are the principal sources of income for 
large numbers of people; therefore, the government has to undertake some 
policy measures that ensure a long-term growth of their production. 
Although Indonesia has been one of the major perennial crop producer 
countries for many years, it cannot exert much influence on the 
stabilisation of world market prices (Appendix A-D). Therefore, 
measures are merely oriented towards the internal problems of improving 
the productivity of smallholders as well as the quality of their 
products.
Until 1966, political instability had been a limiting factor and 
very little assistance had been given to the development of smallholder 
plantations. It was in 1969, when the new government launched its First
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T a b l e  2 - 2 :  Area  o f  E s t a t e  an d  S m a l l h o l d e r  T e a ,  S e l e c t e d  Y e a r s ,
1893 -1 971
Year S m a l l h o l d e r  
( 0 0 0  ha)
E s t a t e  
( 0 0 0  h a )
T o t a  1 
( 0 0 0  ha )
1893 0 . 3 n . a .
1900 8 . 0 n . a .
1910 1 1 . 0 n . a .
1920 2 0 85* 105
1925 29 98 127
1930 41 1 2 0 161
1935 60 138 198
1940 75 138 213
1953 n . a . 65
1960 64 6 6 130
1961** 64 58** 1 2 2
1963 61 59** 1 2 0
1965 61 53** 114
1967 54 49* * 103
1969 48 4 9 ** 97
1971 33 52** 85
N o t e s :  * F i g u r e  o f  1919.
** The f i g u r e s  o f  1961- 1971 a r e d e s c r i b e d  a s  ' a p p r o x i m a t e ' .
S o u r c e :  T a b l e 1 in  E t h e r i n g t o n  1974, p . 8 6 .
F i v e  Y ear  D ev e lo p m en t  P l a n , t h a t s m a ] l h o l d e r s b e g a n  t o  r e c e i v e
c o n s i d e r a b l e  a s s i s t a n c e s  t h r o u g h v a r i o u s g o v e r n m e n t p r o g r a m m e s .
In  a s s i s t i n g sma 1 l h o l d e r s , one d i f f i c u l t y  i s t h e  s m a l l  f a rm  s i z e
and s c a t t e r e d  l o c a t i o n s ,  w h ich  ham pers  t h e  t r a n s f e r  o f  t e c h n o l o g y  
( E f f e n d i  1985,  p . 1 0 8 ) .  C o n s i d e r i n g  t h i s  p r o b l e m ,  t h e  g o v e r n m e n t  h a s  
u n d e r t a k e n  s e v e r a l  p r o g r a m s  i n  w h ich  s m a l l h o l d e r  o p e r a t i o n s  a r e  
i n t e g r a t e d .  Of t h o s e  p r o g r a m s  two t y p e s  o f  scheme  a r e  n o t e d  h e r e :  (1 )  
P r o j e c t  Management  U n i t  (PMU) and (2)  N u c le u s  E s t a t e - S m a l l h o l d e r  S y s te m
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(NES). The former is a scheme in which a specified number of existing 
smallholders with the same product are integrated and operated under a 
'plantation mode' of management, while the latter being the 
establishment of small scale plantations on new areas in a closely 
structured organisation.
As has been mentioned, the link between the transmigration 
programme and smallholders development is found in NES schemes. In the 
present study, farm plans will be formulated to suit the Special NES 
scheme (or PIR-Khusus). The basic concept of NES is the 'nucleus estate' 
with its agronomic, processing and financial services act as a focal 
point for the development of settlements. Such a vertically integrated 
operation is justified on the ground that a large unit of operation 
offers considerable economies of scale. These may exist in the forms of 
easy access to capital, better management practices, availability of 
recurrent credit and crop financing, transportation facilities, 
processing, marketing services, and the dissemination of research 
findings (Etherington 1971, p.73).
2.2.2 Nucleus Estate-Smallholder (NES) Programme
According to types of participants, sources of funds, and target 
groups, NES schemes can be classified into three types. The first type 
is 'Local NES' in which all participants are merely local farmers, and 
are funded by the nucleus estate through either its own capital or 
credit from domestic financial institutions. 'Special NES' is the second 
type in which the majority of participants are transmigrants (90 per 
cent) and the rest are local farmers (ten per cent), and are funded 
through foreign loans and government equity. The third type is the 
'Foreign-funded NES' in which the participants are all local farmers, 
and are funded through credits or loans from foreign financial 
ins t i tut ions.
Jn general, these three types of NES scheme operate in the same 
pattern, that is, the nucleus estate opens the allotted area and plants 
it with a pure stand perennial crop. In addition, the nucleus estate is 
entitled to own and operate 20 to 25 per cent of the whole planted area. 
This is called the 'nucleus', whereas the remaining area is called 
'plasma' and is divided into two hectare plots and allotted to 
participating farmers. Apart from this parcel, in certain schemes such
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as the Special NES and Foreign-funded NES, each family receives 
additional 0.75 hectares of land for growing food crops and 0.25 
hectares for their homestead.
NES schemes were started in 1977 in two provinces, Aceh and South 
Sumatra. Until 1983, the end of the Third Year Development Plan, they 
covered 129,222 hectares of plasma (nearly 60 per cent of the target), 
and 46,446 hectares of nuclei (slightly over 50 per cent of the target). 
In contrast, the number of participating farmers was 64,457 families, 
this was only 22 per cent of the target. A more detail listing of 
attainments is presented in Table 2-3.
Table 2-3: Targets and Realisation of NES Schemes during the Third
Five Year Development, 1979-1983
Type
and
of NES 
Crop
Plasma (ha) Nucleus (ha) Farmers(Families)
Target Actua 1 Target Actua1 Target Actual
A.Foreign-fun 
ded NES 
1 . Rubber 
2.Oi1 palm
3. Hy coconut
4. Cotton
5.Sugar cane
59870
16840
5370
15000
200
51442
16617
4868
9597
300
28141
14804
5499
1300
25965
11468
8613
47013
24858
16634
60000
5000
15478
2317
194
38388
130
Total A 97280 82824 49744 46046 153505 56507
B.Special NES
1.Rubber 61100 17875 26000 200 69500 1169
2.Oi1 palm 17000 5440 5500 200 33500 400
Total B 78100 23315 31500 400 103000 1569
C.Local NES
1.Rubber 7000 4725 - - 5500 -
2.Oil palm 21742 13059 - - 12428 -
3.Hy coconut - - - - - -
4.Castor oil 2600 800 - - 2500 -
5.Cashew nut 2600 1322 - - 2500 -
6. Tea 8886 3177 - - 12500 5785
Total C 42828 23083 - - 35428 5785
Total A+B+C 218208 129222 81244 46446 283933 64457
Source: Indonesia. Department of Agriculture 1984.
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Despite the low achievements, the Government of Indonesia continues 
to promote NES schemes on the ground that past experience indicates
these poor attainments were not due to a misconception of the programme, 
but, rather, due to a lack of coordination among the government agencies 
that are responsible for the implementation of the programme. This 
argument is supported somewhat by Table 2-3. The Foreign-funded NES 
schemes, which are implemented in a more independent and closely 
structured organisation, have been much closer to their targets compared 
with other two types of NES schemes. Slightly over 85 per cent of the 
target for plasma has been fulfilled in the Foreign-funded NES, while in 
the Special and Local NES it was only 30 and 54 per cent respectively. 
Furthermore, 92 per cent of the target for the nuclei has been achieved 
in the Foreign-funded NES. contrasted with only 0.01 per cent in the
Special NES. Moreover, the number of farmers resettled in the 
Foreign-funded NES schemes is relatively higher (37 per cent) than that 
of the Special NES (0.02 per cent) and Local NES (16 per cent) schemes. 
This is not to say, however, that the degree of freedom and 
well-structured organisation of schemes is the single determinant for 
the programmes to be successfully implemented. Other social and 
political considerations may influence the implementation of the 
programmes; and the low attainments in the Special and Local NES, which 
lagged behind those of the Foreign-funded NF.S schemes, may be due to 
these factors. The relatively poor performance of the Special NES is a 
major reason that this study focuses on farm planning for these schemes.
The next reason for promoting NES schemes is based on the
importance of smallholders' contribution to exports, which is evident; 
therefore, the expansion of these production units is considered to be 
economically viable. Finally, vast areas of 'redundant' land in the 
outer islands that ought to be exploited may be forwarded as another 
reason. These are developed so as to give the maximum contribution to 
the welfare of the nation as a whole.
With some improvements in coordination, the target for the Fourth 
Five Year Development Plan (1984-1988) was set at opening 1,226,500 
hectares of land; 751,700 hectares and 248,321 hectares of the target 
area will be planted with oil palm and rubber respectively. With such 
targets, 529,062 families are expected will be accomodated in the 
schemes (Indonesia. Department of Agriculture no date, p.34-35).
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2.2.3 Farming Systems for NFS Schemes
As noted by Dillon and Anderson (1984, cited in Dillon et al 1985, 
p.81), in seeking appropriate farming systems it is necessary to 
encompass an appreciation of such fundamental matters as: (1) the social 
milieu in which farm decisions are made; (2) the institutional setting 
and policy environment in which farming is conducted; (3) the economic 
environment of farms, including long-term market prospects for inputs 
and outputs, and understanding of the opportunity costs and transactions 
costs faced by the farmers; and (4) the attitudes and personal 
constraints of farmers. Such an understanding can assist, via 
manipulation of relevant models, in the identification of effective 
changes to, and the design of, practices, techniques, enterprises, 
activities and policies that are acceptable to the farmers. This 
notation is quite relevant to the NES schemes in which the complexity of 
small farming is confounded by frequent changes in agricultural 
development policies, such as a shift from rice self-sufficiency to 
export crop diversification.
Thilakasiri (1985, P-12) discussed three aspects of the 
complexities of such farming systems: (1) the direct physical 
interactions among production activities generated by intercropping or 
rotations, (2) competition, complementary and supplementary relations in 
resource use among the different production activities, and (3) the 
multiple objective functions of the farm households. Under the 
constraints imposed by such complex biological, physical and 
socio-economic environment, small farmers are often forced to diversify 
their production.
This is also the case in the farming systems of settlements under 
NES schemes. Settlers will devote most of their land, and also other 
resources, to such commercial perennial crops as rubber and rely on the 
central project unit for extension services, processing facilities and 
marketing. But, they also need subsistence, particularly in the early 
stage of the development of a scheme. Where physical accessibility is 
extremely poor, reliance on food markets is hazardous. Furthermore, cash 
flow from the base enterprise, the perennial crop, will only be 
stabilised after several years when the yield become commercial. 
Therefore, production considerations must take into account the
22
settlers' need for subsistence, and limited resources must be allocated 
rationally with this in mind.
Price fluctuations of export commodities have forced central 
planners to become more realistic in making plans. It has been realised 
that under the uncertainty of world markets, the development of 
settlements cannot be relied solely on export crop production. This is 
the reason for allotting the second parcel of 0.75 hectares, which can 
be planted with food crops and other annual crops. Under the proposed 
farming systems there are significant trade offs between productivity 
and stability on the one hand and sustainability and equitability on the 
other hand. Interplanting of perennial and annual crops usually 
restores some of the stability and sustainability of the systems, due to 
the buffering effect resulting from the greater diversity of cropping. 
The equitability is also higher, but it is usually at the expense of 
somewhat lowered overall productivity compared with sole cash cropping 
(Conway 1985, p.48).
As was mentioned, the holding of a settler consists of three 
separated parcels. This holding is cleared and prepared by the nucleus 
estate, whereas the settlers are employed as hired labour in these 
activities. The two hectare parcel (the first farm land) is planted 
with a perennial crop by the nucleus estate, while the 0.25 hectare plot 
for the homestead is planted with various crops, mainly annual crops, by 
the settlers themselves. Both are expected to be completed in the first 
year. After the (busy) first year, the 0.75 hectare parcel (the second 
farm land) will be cleared and prepared by the nucleus estate and 
allotted to participating farmers, who are now assumed to have enough 
time to plant it with food crops and other annual crops. As such, each 
farm as an entity is operated in a system of mixed-farming. There is a 
possibility of intercropping of annual crops on a homestead and the 
second farm land, depending on agronomical feasibility. Also, in the 
first few years of immaturity period, intercropping between the 
perennial crop and annual crops on the first farm land is likely.
The difference in agro-c1imatic environment of settlements in 
various regions requires a thorough assessment on suitability of annual 
crops, these are tested by Agricultural Research Stations posted in many 
regions. For the settlements under NES schemes, TKP2B (1984) recommends
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the intercropping of corn, upland rice, cassava, peanut, bean and 
vegetables for both homestead and the second farm land. This cropping 
pattern and the choice of crops may be modified according to 
agro-climate and a given region's objective for agricultural 
development. In addition, the restraints imposed by central decision 
makers or scheme management (e.g. rubber or oil palm mono-cropping on 
two hectares of land) must be taken into account. Within these suggested 
farming systems, the 'base' perennial crop is expected to give net 
income streams as shown in Appendix E .1
With tremendous funds invested in settlement schemes, and realising 
the persistence of low income problems resulting from the low 
agricultural productivity, it is necessary to assess the rationality of 
resource allocation of farms so as not to waste scarce national 
resources. Furthermore, perennial crops require a longer time 
consideration, extended over a couple of decades. Theoretically, such a 
pattern can be taken into account in farm plans, by employing dynamic or 
multi-period linear programming, provided that computational services 
(including a main-frame computer) are available. However, in more remote 
regional planning offices in Indonesia, where the power supply is 
frequently interrupted, the provision of main-frame computer services is 
not only costly but not feasible. Therefore, other techniques, which 
could help in the formulation of more appropriate farm plans, are 
sought.
Linear programming packages for battery-powered microcomputers are 
now available. This could be a solution to the computational problems 
of the quantitative techniques facing planners in remote areas. To 
capture the dynamic feature of resource allocation of the optimal plan 
that is given by static linear programming solutions, the MULBUD 
microcomputer package appears an appropriate tool. The concepts of 
these analytical tools and the way they can be combined together will be 
discussed in the following chapter.
^These figures were calculated by the government in an optimistic 
expectation.
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2.2.4 Present Farm Planning Techniques for Settlement
The farm planning technique being used for the development of 
settlements in Indonesia is basically static budgeting: whole-farm and 
partial budgeting. These techniques are used in formulating farm plans 
as a general guide, and need to be modified according to the 
characteristics of settlements. In some settlements the base enterprise 
is chosen arbitrarily, or according to its profitability (as perceived 
by the planners). Alternative plans prepared in such ways will rarely 
arrived at an optimal allocation of resources. In addition, static 
budgeting techniques give a single snapshot of alternative plans' 
outcome at the end of production activities. They do not provide 
jnter — temporal alternatives of resource allocation, which may be needed 
due to the long term nature of perennial production with some initial 
years of no or low output, and also seasonal fluctuations in resource 
use .
Once a farm plan has been established it is fairly difficult for 
regional planners or extension workers to incorporate changes that may 
occur during the course of implementation. Computational burdens 
inherent in budgeting techniques, especially when dealing with large 
numbers of activities and constraints, restrict quick revisions of such 
plans. (Jnder-achievement of the plan's objectives may occur as a result 
of increases in factor price or decreases in product price; and better 
performance, through the introduction of new enterprises whose product 
prices are improving, will not be obtained since new opportunities have 
not been incorporated in the plan.
Although some computational difficulties of budgeting techniques 
can be overcome by using farm simulators, these techniques do not give 
optimal farm plans. Advanced planning techniques such as mathematical 
programming, which can give optimal solutions, have not been widely 
used. The study done by Wardhani (1976) suggested the use of linear 
programming techniques to formulate rational plans, and, combined with 
Monte Carlo simulation, provided several sub-optimal solutions to 
decision makers. However, at that time the lack of main-frame computers 
in remote areas was certainly the binding constraint on the application 
of such techniques.
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CHAPTER 3
LINEAR PROGRAMMING AND MULTI-PERIOD BUDGETING TECHNIQUES FOR FARM
PLANNING
The majority of the planning tasks which arise on a farm are 
directed towards making choices, moving towards an improvement in the 
allocation of the limited resources available. Ideally, an optimal 
farming system is arrived at and an objective function maximised. The 
ideal is possibly rarely achieved because changing circumstances and 
conflicting objectives may exist in the farm.
For farm planning, a number of quantitative tools have been 
developed over the past four decades. The development and refinement of 
quantitative techniques has made their use more practical in real life 
situations. Furthermore, the rapid advance in computer speed, 
capacities for any given size and analogues has removed the 
computational burden of large and more practical problems; leaving only 
the task of model specification and data collection and processing of 
technical coefficients to the analysts.
This chapter discusses the concept of static linear programming, a 
standard mathematical optimising technique, and its application to farm 
planning for settlement schemes in Indonesia. Model specifications 
appropriate to the problem under consideration and the basic assumptions 
in using linear programming are presented. Further discussion is then 
directed towards the concept of multi-period budgeting as a dynamic 
technique for linking economic analysis of the static optimal farm 
plans.
3.1 Linear Programming
Agrawal and Heady (1972, p.26) define linear programming as "... a 
computational method to determine the best plan or course of action, 
among many which are possible, when there are many alternatives for the
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plan, a specific or numerical objective exists for it, and the means or 
resources available for attaining it are limited". More specific, it is 
an analysis of problems in which a linear objective function of a number 
of variables is to be maximised (or minimised) subject to a set of 
constraints.
The concept of linear programming was developed by George 
B. Dantzig in 1947, as a solution to problems of choice among several 
alternative plans that fulfil the objectives of an organisation. 
Previously, in the absence of direct solutions to linear programming 
problems, one had to resort to iterative solutions, that is, solutions 
carried out in a number of steps each of which moves closer to the 
desired result. This was a very tiring and time consuming task. 
Fortunately, the invention of methods of solution, such as the "Simplex 
Method" by Dantzig and the "Complete-description Method" by Motzkin, 
Raiffa, Thompson and Thrall, have made linear programming a useful 
technique for decision-making analysis (Dorfman et al 1958, p.67). In 
addition, the rapid advance in electronic computer technology has 
removed the computational burden of large problems, so as to widen the 
use of the technique to many fields.
In agriculture, the technique is applicable to farm planning at an 
aggregative level as well as at a farm level. At the former level the 
technique may serve as an advisory or extension service tool, whose 
solutions need to be adjusted before implemented at the latter level.
Typically, farm planning has three essential elements (Barnard and 
Nix 1979, p.282). Firstly, the individual farms has an objective, that 
is, to maximise net revenue (or total gross margin). In addition, it may 
have restrictions on production, of which account must be taken in 
practical planning if the solutions are to be acceptable. These 
restrictions may come in institutional forms such as participation in a 
government programme which restrict crop area, or in the form of 
subjective restraints (i.e., food crops must be grown for securing 
subsistence). Secondly, there are scarce resources available to a farm. 
For example, the individual farm has limited land in total or several 
fields each with different soil types; family labour in different 
seasons of the year; and recurrent capital for farm operations. Lastly, 
there are alternative ways of using the resources for attaining the
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objectives. In other words, economic returns to a farm are maximised by 
adopting an optimal combination of enterprises (or production 
activities) from a range of the possible ones.
The applicability of linear programming to farm planning has been 
shown in a great many studies. In developing country situations, linear 
programming has been used as a planning tool for improving the income of 
small farmers. For example, it has been used in studies on small farm 
diversification in Taiwan (Lee 1974); to improve the productivity of 
peasant farms in Kenya (Clayton 1964, Heyer 1971); for rural policy 
planning in the Kosi region of Bihar, India (Biggs 1974); for 
agricultural development planning in Thailand (Nicol et al 1982); for 
planning multiple enterprise farming systems in coconut association in 
Sri Lanka (Thilakasiri 1985); as a guide for multicropping that will 
support more productive and profitable cropping systems on small rice 
farms in the Philippines (Barlow et al 1983). Also, the significant work 
done by Wardhani (1976), which inspired the present study, employed the 
same technique, combined with Monte Carlo simulation, for land 
settlement planning in Indonesia. Although this list is not exhaustive, 
it shows the interest in the use of linear programming in developing 
countries.
Linear programming packages for main frame computers are readily 
available. These include: SIMPDX, UHELP, MPS/360, FMPS and BGPP. The 
last of these was developed at the University of New England (Hardaker 
1978), and is used in the present study. The method of solution is the 
ordinary simplex algorithm, incorporating a primal and dual routine. The 
major reason for using this modest package is because in size (70 
constraints by 75 activities) it represents what is typically available 
for microcomputers that might be used in a field setting in a settlement 
scheme. Microcomputer packages such as the Kinetics Linear Programming 
System (Ford 1984) may be recommended for such a purpose. In addition, 
hardware required to operate this particular package is compatible with 
that of MULBUD, which is used as the second planning tool in this study.
Regarding farm planning for NES schemes, the problem in hand is the 
optimisation of net farm revenue, that is to say, to maximise the total 
gross margin (TGM) of a farm. This linear programming problem can be 
written in matrix notation as:
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Maximise TGM = c'x 
subject to Ax <= b 
x => 0
where
c' is a 1 x n row vector of gross margins
x is an n x 1 column vector of activities
A is an m x n matrix of technical coefficients
b is an m x 1 column vector of constraints (the right-hand side)
Thus the problem is seen to be the maximisation of a linear 
expression (c'x) subject to a set of linear constraints (Ax <= b) and a 
non-negativity condition (x => 0). All such linear programming problems 
are subject to a set of assumptions:
1. Additivjty o£ resources and activities. The sum of resources 
used by different activities must equal the total quantity of 
resources used by each activity for all the resources, 
individually and collectively. This implies absence of any 
interaction among the activities. However, by proper 
formulation of the activities, actual on-farm interactions 
are allowed, even though the technical specification of 
variables in the model must adhere to additivity.
2. Linearity of the objective function. For example, the 
technique cannot be used if the price of outputs is a 
non-linear function of their quantity.
3. Non-negativity of the decision variables. This assumption 
implies that the lowest value allowed variables is zero.
4. Divisibility of resources and activities. This implies 
resources can be used and/or outputs can be produced in 
fractional quantities.
5• Finiteness of the activities and resource restrictions.
6. Proportiona1ity of activity levels to resources. This implies 
linear relationships between activities and resources.
The solution is the unique combination of activities which gives 
the highest total gross margin. In the BGPP package's reports, 
information is provided on the level of each activity and on the 
incremental changes to the gross margin of that activity for which the 
current solution remains optimal. The marginal opportunity cost (MOC) of
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an excluded activity shows the required improvement in the gross margin 
of that activity before it could enter the optimal solution. 
Furthermore, information is also provided on the marginal value product 
(MVP) of each resource fully used; and on the incremental changes to the 
right-hand side (RHS) coefficient for which that marginal value product 
remains viable. Also, the amounts of unused resources (i.e., surplus to 
requirements) are shown. All this additional information can be useful, 
to a lesser extent, for making post-optimality analyses of the farm 
plan.
Static linear programming can be extended to many periods 
(multi-period linear programming) by the inclusion of transfer vectors 
that carry forward the results from one period to the next. Generally, 
each activity has one such transfer vector, so that with a number of 
time periods (say, years) the size of the total matrix, even for a 
relatively simple problem, can become enormous. Barnard and Nix (1979, 
p.425) warn of this problem for any realistic planning environment. For 
example, this study would require a minimum matrix size of 1,200 columns 
by 450 rows. Such problems require main-frame computers, and packages 
such as FMPS for their solution. Burgess (1977) chose this approach for 
his study on resource allocation in peasant farms in Western Samoa, 
where long lived coconuts were a fundamental activity. By taking five 
year time frames he was able to keep his problem to a modest size, but, 
the five year intervals might be questioned for their realism.
In spite of its adaptability to numerous problems facing a farm, 
static linear programming gives a solution only for a single point in 
time (e.g. one year). Since a perennial such as rubber or oil palm is 
involved in the farm, the analytical technique used should be one that 
suits a planning horizon of more than two decades. However, dynamic (or 
multi-period) linear programming is unlikely to be available for some 
time to come to regional planning offices of NFS schemes. The 
alternative recommended and tested here is static linear programming 
combined with dynamic budgeting. The cost of the necessary hardware and 
software is modest (about US$5,000 in total) and not beyond the reach of 
regional planning offices. In addition, battery operated microcomputers 
are now available.
The concept of budgeting and the way it is combined with static
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linear programming in formulating farm plans are discussed in the 
following sections.
3.2 Farm Budgeting
3.2.1 The Concept of Farm Budgets
A farm budget, as defined by Hodges (1956, p.29) is "... a plan for 
future use of resources"; for Brown (1977, p.3) it is "... a plan to 
coordinate the inflows and outflows of resources to achieve a given set 
of objectives". More clearly, Rae (1977, p.106) defines a budget as
"... a written plan of resource allocation plus the anticipated physical 
and financial outcomes of that plan". From these definitions, it can be 
seen that budgeting concerns two things: resource allocation and goals
or objectives to be achieved. As to the preparation of a budget, Hodges 
(1956, p.31) emphasised the importance of assessing the expected
outcomes from numerous possible combinations of enterprises and 
resources of a farm, in the light of changing price relationships, the 
physical conditions under which production takes place, and the 
managerial capacity of the operator and the practices he uses.
At the farm level, budgets are prepared primarily to evaluate the 
farm's efficiency within a specified period, usually one year. They are 
also useful in helping to control the progress of a plan once it has 
been selected and put into operation. Control here means redirecting 
(whenever required) the implementation course of a plan towards better 
outcomes than would have been possible without modification of the plan. 
This implies that, at the outset, a plan should have a degree of 
flexibility; a budget, to some extent, can provide some help for this 
purpose. For example, during the implementation of a plan, supplies of 
factors such as labour and cash may not be as great as the anticipated 
ones, so making a cropping programme infeasible. To overcome this 
problem, budgeting can be used for showing the least costly way of 
modifying the plan. Another example may be added, unexpected decreases 
in product prices or increases in factor prices may make the farm plan 
less profitable. In such a situation, budgeting can show alternatives of 
more profitable crops or cheaper inputs (Rae 1977, p.106).
At the more aggregative level, budgets provide a basis for 
evaluating and comparing the relative profitability of alternative
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investments. They are useful in analysing agricultural projects, which 
may involve a single farm or a group of farms, for forecasting the flow 
of costs and benefits over a specified period (Brown 1977, p.3).
In general, farm budgets can be differentiated into two types: 
whole-farm budgets and partial budgets. The former is used to estimate 
the financial and other implications of a proposed plan for the farm as 
an entity; whereas the latter only for the part of the farm plan in 
which it is proposed to make some changes. If the objective is to 
evaluate the goal achievement of a plan and its feasibility with respect 
to available resources, a whole-farm budgeting would be required. If. 
however, the purpose is to determine the input requirements and to 
estimate the monetary returns of using additional inputs, then a partial 
budgeting technique is sufficient (Heady 1956, p.67).
3.2.2 Multi-period Budgeting
Regarding time-frame considerations, another differentiation can be 
made: static budgets and inter-temporal budgets. Both whole-farm and 
partial budgets can be prepared in either a static or dynamic manner. 
Using a static budgeting technique, a farm plan is prepared for a single 
time-frame. This depicts outcomes at the end of the specified period. 
Typically, this will be one year for annual crops, but may be several 
years when dealing with horticultural tree crops or agricultural 
projects involving capital investments.
It may be required, however, that the period of analysis has to be 
subdivided into several seasons, in order to seek an optimal 
inter-temporal allocation of resources. For example, the use of labour 
during the dry season may not be as intensive as that of the wet season. 
Furthermore, the inclusion of a perennial crop in a farm, as is the case 
in the NES schemes, requires inter-tempora1 considerations of resource 
allocation along the development stages of this particular crop. 
Alternatives for such allocations of resources can be prepared by using 
inter-tempora1 (or multi-period) budgeting techniques.
Multi-period budgeting is a much more widespread technique than 
might be initially recognised: it is part and parcel of the whole field 
of benefit-cost analysis. Generally, it is used in comparing the 
profitability of investments. Benefit-cost ratio (B/C ratio), the 
internal rate of return (IRR) and sum of net present value (SNVP) are
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among the criteria used for such comparisons. These criteria will be 
used in this study to indicate the relative profitability of the 
perennial (rubber) block compared to the farm as a whole. The IRR is of 
particular importance for this purpose since its calculation does not 
depend on assumptions about the opportunity cost of capital (or discount 
rate). Until recently, the calculation of IRR was very tedious. As noted 
by Gittinger (1982, p.332), since there is no formula for finding the 
IRR one has to resort to a systematic procedure of trial and error. 
Fortunately, such iterative calculation now can be done quickly using a 
microcomputer package.
The computational burden in doing economic analysis of long-term 
investments can be overcome with the help of farm simulators. The MULBUD 
computer package, developed by Etherington and Matthews (1985), is one 
of these simulation tools, and is appropriate for this study. It handies 
mu.lti-enterprise and multi-product as well as multi-period budgets. It 
has many features that allow the calculation of sensitivity analyses, 
'constraints', net present value, annuities, benefit-cost ratios, the 
internal rate of return and other measures required for the economic 
analysis of investments (Etherington and Matthews, 1985, p.4). In 
addition, it is available for both 8-bit and 16-bit microcomputers.
Of particular importance to this study is the package's ability to 
scale data sets, shift them in time and then merge them to form a 
'model'. It allows for up to three outputs for each enterprise. Each 
output has its own time period vectors of quantities, prices and labour 
use. Also, the labour used for harvesting, processing and selling of 
each output is distinct. The 'base' enterprise in a MULBUD model is the 
first one introduced and it defines the total time horizon or planning 
period for the model.
It will be noted that the descriptions of budgeting and linear 
programming have many features in common. Indeed, budgeting is simply an 
informal, interactive mechanism for arriving at a preferred solution. In 
simple situations it is likely to be quicker and more comprehensible to 
the farmer and/or administrator.
Linear programming techniques require an input-output matrix, whose 
elements are the technical coefficients of all possible enterprises. 
Multi-period budgeting demands 'minimum consistent enterprise data sets'
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that form the building blocks of the analysis. The construction of the 
required input-output matrix and data sets are presented in Chapter 4, 
supported by some related information regarding physical constraints and 
subjective restraints which restrict production activities.
3.3 Combining Static Linear Programming and Dynamic Budgeting
As has been mentioned, the introduction of perennial crops with the 
large plantation mode of management into the settlement schemes is aimed 
at improving the well-being of the settlers. However, forcing perennial 
crops into the farm plans causes considerable changes in the farming 
systems, not the least of which is a shift from pure subsistency to 
semi-subsistency. Furthermore, once the plan is put into operation, the 
settlers are committed to this selected course of action for decades 
rather than a year or two. Therefore, if the intention is that the 
productivity and incomes of the settlers be increased, the feasibility 
of perennial crops with respect to physical resources, such as labour 
and capital, need to be carefully studied. Moreover, the long-term 
nature of investments in perennial crops requires that this also be 
appropriately included in the economic analysis. Thus, in making a full 
economic evaluation of such investments, the detailed farm plan afforded 
by techniques such as linear programming is needed, but, also, the 
expected future earnings need to be discounted and compared to present 
costs. Also, the establishment cost of the perennial block, which is not 
taken into account by the linear programming technique, should be 
included in the economic analysis of the farm plan.
For the purposes of this study, static linear programming is 
employed in seeking an optimal plan for the farm at 'maturity', taking 
the objectives of scheme management and settlers into consideration. The 
subjective restraint imposed by scheme management (in the form of two 
hectares of land that must be under the perennial crop) may not generate 
a feasible plan. In this case linear programming techniques can show the 
most, binding constraints, which can be used as a guide in taking 
possible measures to turn the infeasibility into feasibility.
A similar optimising approach is then applied to the farm at 
'immaturity', with the perennial, even though it generates no current 
income, forced into the plan. Intercropping between the rows of the
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perennial is possible during the immature phase, so as to exploit the 
maximum use of land, leading to higher returns.
Inter-temporal (or multi-period) budgeting is then applied to 
'join' the optimal farm plans at the two points in time (at-immaturity 
and at-maturity). This serves to link the analysis of financial inflows 
and outflows of the farm over the life-time of the perennial crop. The 
particular multi-period budgeting technique used allows for the 
modelling of the perennial crops together with the intercrops if they 
feature in the optimal plan during the early years. The iterative steps 
of the approach are summarised in Figure 3-1 and discussed in detail in 
Chapter 5.
In this way, it is hoped to demonstrate that these two planning 
tools, static linear programming and multi-period budgeting, both of 
which can be run on a microcomputer, can be combined in a practical way. 
Such an approach can be adopted by settlement authorities in developing 
countries in an effort to improve the planning and performance of 
settlements.
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Figure 3-1: Multi-step Procedure of Farm Planning
Revenue
Annual crops Perennials
Time
Step z
Step 3
Step 1 
Step 2 
Step 3
Static optimal farm plan at maturity.
Static optimal farm plan at immaturity.
Multi-period budgeting analysis covering 
the 30 year planning horizon.
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CHAPTER 4
THE DATA AND INPUT-OUTPUT MATRIX
In the absence of specific fieldwork, the bulk of the data for the 
present study is taken from Wardhani's work (Wardhani 1976). In this 
chapter, the information on resource supplies and the input-output 
matrix are recalled, with some modifications directed towards the 
concentration of this study on the NES schemes. The data sources are 
discussed first to give a clear picture of the derivation of technical 
production coefficients. After this, resource supplies and constraints 
under the new scenario, the NES schemes, are presented, leading to the 
construction of the input-output matrix.
The scenario of the present study is, therefore, somewhat different 
from that of Wardhani. The relevant problem now is to find the optimal 
farm plans for a settlement subject to a set of constraints, of which 
there must be two hectares of a perennial crop, whereas Wardhani sought 
rational farm plans for the settlements with the provision of irrigation 
water. Due to the exclusion of irrigation water as an important input 
for annual crops, double-cropping is not possible. In addition, 
assumptions have to be made regarding the level of yields of several 
annual crops, which are introduced into the plan.
The planning procedure starts with the farm assumed to be operating 
'at-maturity'. This is the situation when the perennial crop reaches its 
yield plateau. The perennial crops that feature in the optimal farm plan 
at maturity are then 'brought back' to the immature phase, allowing 
intercropping of the perennials with annual crops for the first few 
years. The dynamics of the farm plan will be analysed later using a 
multi-period budgeting approach to link the immaturity and maturity 
periods.
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4.1 Sources of Data
An average performance of farms in Way Seputih, the case study 
area, is used as the model farm. Together with rubber, some other 
enterprises are introduced to the model farm, and an optimal farm plan 
is then sought. Such ex ante planning may use various data sources in 
deriving technical production coefficients. The main sources actually 
used in Wardhani's study included:
1. Harza Engineering Consultants report based on a survey of the 
water supply for Way Seputih conducted in 1969.
2. The Bogor Agricultural University (IPB) in 1969 conducted an 
agricultural survey on Way Pangubuan - a similar irrigation 
project adjacent to Way Seputih, and in 1970 conducted a 
semi-detailed land classification and a survey on the socio­
economic aspects of Way Seputih.
3. The Bogor Research Institute of Agriculture published the 
results of experiments on suitability of alternative crops 
and technology which can be introduced into the area.
4. The University of Bonn undertook a Regional Planning Study 
and farm management surveys on the various types of farm.
Since none of these sources produced the necessary detailed and 
comprehensive data set that suit programming techniques, Wardhani had to 
make some subjective adjustments. Therefore, as he admitted,
conclusions should only be drawn with great care. Here, further 
adjustments are made so that even more caution is required in drawing 
policy conclusions. The resources and constraints now discussed refer to 
the adjusted data set.
4.2 Resource Supplies and Constraints
Land, water, labour and capital are considered as the main inputs 
for production activities. Land input is differentiated according to 
parcel and its utilisation. Rainfall as an input does not bear cost, but 
is seen in terms of its role in shaping the pattern of labour 
requirements. Labour input is distinguished according to its sources and 
utilisation during peak and non-peak periods. Cash input is assumed to 
be obtained either through credit or farm savings, and its supply is 
required in both the dry and the wet seasons.
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4.2.1 Land Supply
The soil type is dominated by red yellow podsolic, which is 
strongly acid with low base saturation and is usually of low natural 
fertility. According to the classification, done by the Bogor 
Agricultural University (IPB), the land is grouped into five classes. 
Only three of which are considered suitable for the settlement (Appendix 
G). The 1R and 2R land classes with fine texture and clay to sandy clay 
subsoil are recommended for wet paddy cultivation. The 3R land class is 
recommended for diversified crops other than paddy, such as maize, 
sorghum, beans and sugar cane; or perennial crops such as coconut, 
rubber, coffee and the like.
The average size of holding is three hectares, and consists of the 
first farm land (2 ha), the second farm land (0.75 ha) and a homestead 
(0.25 ha). The first farm land is dry land; and its use is restricted 
to a pure stand of a perennial crop. In this study, rubber (P019) is 
taken as an example of a perennial crop. Given this restricted use, the 
supply of this particular input (FTFL) takes an equality form in the 
input-output matrix although the implication of growing less than two 
hectares rubber will also be examined.
The second farm land is also dry-land and has the upper limit of 
0.75 hectares (SDFL). It is planted with annual crops, which can be 
grown in the wet season only, due to the lack of irrigation water. Under 
monocropping, 13 annual crops are introduced as possible enterprises on 
this parcel: unimproved rice (P003), unimproved maize (P005), improved 
maize (P006) , unimproved soybean (P007), improved soybean (P008), ground 
nut (P009), mungbean (P010), sweet potato (P011), tobacco (P012), red 
Spanish pepper (P013), sorghum (P014), cassava (P015) and mixed-crop 
(P 0 1 7 ) .
The homestead is a homegarden with the upper limit of 0.25 hectares 
(HSTL). Together with coconut (P020), the same crops as above, except 
improved maize (P006) and soybean (P008), compete for the use of this 
land. In summary, the supply of land is shown in Table 4-1.
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Table 4-1: The Land Supply of The Model Farm
Land Utilisation Code Maximum Supply 
(decare)
1. Rubber Block FTFL 20.0
2. Annual crops SDFL 7.5
4. Homegarden* HSTL 2.0
Note: * Only 2.0 da is arable, since 0.5 da is occupied by the 
settler's house.
Source: Directorate General of Plantation, Indonesia, 1984.
4.2.2 Climate and Rainfall Pattern
The case study area is under the influence of the tropical monsoon 
climate and the general pattern of trade winds. The wet season occurs 
during the period of November to April; the dry season, May to October. 
The annual rainfall, recorded at two meteorological stations, Gunung 
Sugih and Rancang Purwo, show the monthly distribution of rainfall over 
a number of years. Figure 4-1 shows the pattern of monthly distribution 
of rainfall, and will be used to represent the rainfall pattern of the 
case study area.
Temperature is high with an annual mean of 27.5°C; the highest 
being in the dry month of August, ranging from an average minimum of 
22.2°C at night to an average maximum of 32.2°C at day time. Solar 
radiation is low due to clouds, especially in the wet season with an 
average of about 33 per cent. In the dry season, solar radiation is 
slightly higher.
4.2.3 Labour Supply
Annual crops demand a great deal of labour and appropriate timing 
of operations, especially when preparing land, planting and harvesting. 
Given the nature and labour requirement of annual crops, one calendar 
year is divided into four cultivation periods. According to the 
intensity of labour requirements, the periods of land preparation and
Figure 4-1: The Monthly Distribution of Rainfall
GUNUNG SUGIH 
1915-1941
MONTHS
RANCANG PURWO 
1932-1941
MONTHS
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planting and harvesting are considered as the peak ones, while crop 
growth and maintenance are seen as ordinary (or non-peak) periods. 
Period boundaries and their durations are shown in Figure 4-2.
Figure 4-2: The Defined Period Boundaries of The Calendar Year
PERIOD I : Land preparat ion and planting (12 weeks)
PERIOD II : Maintenance (17 weeks)
PERIOD III: Harvesting (5 weeks)
PERIOD IV : 'Slack' period (18 weeks)
According to the IPB Socio-Economic Survey, the average family size 
was 6.6 with 2.9 working members. The main source of labour is the 
family itself. On the average, available family labour of dry land 
farmers for on-farm and off-farm work are 221 and 208 mandays 
respectively per year. For wet paddy farmers the figures are 170 and 165 
mandays respectively (Wardhani 1976, p.28).
At present, each family is assumed to have three working members: 
one adult male, one adult female and one child. In the calculation of 
labour supply, this family labour is converted into standard adult male 
equivalent (AME) units. One adult female is equivalent to 0.67 adult 
male labour, while one child is equivalent to 0.33 adult male labour. It 
is assumed that they work 48 hours a week during the peak periods and 30 
hours a week during the rest of the year. Usually, children are not 
available for full time farm works. During the peak seasons the supply 
of child labour is assumed to be 50 per cent of their capacity, while in 
the non-peak seasons it is only 33 per cent. Based on these assumptions, 
the total supply of family labour, rounded to two significant figures,
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in Period I is 1,060 manhours (FLP1); Period II, 900 (FLP2); Period III, 
420 (FLP3); Period IV, 960 (FLP4). Thus, in this study, off-farm labour 
use is deducted from the total supply to arrive at the farm labour 
constraints. No explicit charge is made for family labour so that the 
net farm income is the return to family labour and management.
The supply of family labour may not be enough for all farm 
operations. Additional labour can be obtained through hiring from two 
different sources. The first source is draught animals, which are used 
for land preparation. In average, one pair of cattle is available per 12 
farms (or 0.083 pair per farm). During Period I, 15 cattle hours are 
assumed to be available per farm. The rate of work by one pair of cattle 
is about 3.9 to 6.2 times that of manual hoeing (Wardhani, 1976, p.54). 
In the analysis, one hour of draught animal power is assumed to be 
equivalent to five adult male labour. Thus, 80 manhours equivalent is 
available during Period I with the wage rate of Rp20 per hour.
Potential spontaneous migrants form the second source of hired 
labour, which is mainly used for harvesting. In rice cultivation this 
labour is paid in kind, while in some other crops it is paid in cash. 
The upper limit of this hired labour is assumed to be 50 per cent of the 
available family labour. Based on this assumption, the supply of hired 
labour during Period II is 530 manhours with the wage rate of Rp30 per 
hour. The supplies of labour are presented in Table 4-2, with figures 
rounded upwards.
4.2.4 Cash Supply
The expenditures for inputs, such as seeds, fertilizers, pesticides 
and hired labour, may be financed by internal sources or/and money 
borrowed from other sources. In the initial stage of the NES schemes 
farmers may not have enough cash to finance these purchases; therefore, 
they are heavily reliant on credit. Since the Government of Indonesia 
realises that rubber as a sole source of farmers income is not 
sufficient, financial assistance is usually incorporated into settlement 
plans. This is often done through subsidising inputs or facilitating 
credit.
To operate the two hectares of rubber 'forced' upon settlers in the 
NES schemes, the settler requires considerably more recurrent capital
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Table 4-2: The Labour Supply of the Model Farm
Source of Labour Code Maximum Supply 
(manhours)
1 . Family labour in Period I FLP1 1,060
2. Family labour in Period II FLP2 900
3. Fami1y labour in Period III FLP3 420
4 . Family labour in Period IV FLP4 960
5. Hi red labour in Period I HLP1 530
6. Hired labour in Period III HLP3 210
Source: Wardhani, 1976.
for purchased inputs than the Rp 5,000 assumed by Wardhani. If this 
capital constraint is insisted upon, then there is no feasible solution 
to the problem. As will be shown in Chapter 5, by experimentation it is 
found that for the 'goal' of two hectares of rubber to be achievable, 
the recurrent capital requirements for farm operations are for slightly 
less than Rpl9,000 in the dry season and Rpl2,000 in the wet season. In 
the analysis, the supply of cash for all farm operations is assumed to 
be up to Rp20,000 in both the wet (CSHW) and dry (CSHD) seasons. This 
level was rounded upwards from the Rpl9,000 and selected purely to allow 
feasible solutions to include the two hectare rubber block. The sources 
of such recurrent capital are not discussed here, but would clearly be 
of very great significance in the actual implementation of the feasible 
plans and would have to be carefully investigated by NES management.
4.2.5 Subsistence Restraints
The minimum requirement for subsistence is obtained from four food 
crops: unimproved rice (P003), unimproved maize (P005), sweet potato 
(P011) and cassava (P015). In the input-output matrix, this restraint 
comes in parts: (1) the minimum 730 kilograms milled rice equivalent
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(MRE)1 obtained from four food crops is taken as the first subsistence 
constraint (STC1); and (2) about 50 per cent of this requirement must be 
contributed by unimproved rice alone, and seen as the second constraint 
(STC2).
4.3 Activities and Technical Coefficients
4.3.1 Activities
Basically, there are 16 possible enterprises that could be 
introduced into the model farm. Some of them have been mentioned in the 
previous section, except poultry (P021). Enterprises with the same 
output but which require different inputs are treated as separate 
activities. For example, improved maize, which requires chemical 
fertilizers, is considered to be a different activity to unimproved 
maize that can be grown without chemical fertilizers. Also, the same 
enterprises enter as separate activities for each parcel on which they 
can be grown. As a result, the number of activities in an input-output 
matrix varies according to the assumption that underlies the particular 
scenario. Thus, all matrices contain two labour hiring activities plus a 
variable number of production activities.
In farm plan formulation, these activities compete for scarce 
resources. Although rubber is grown as a pure stand on a separated 
parcel. it competes with other enterprises for the use of other 
resources in order to give its maximum contribution to the objective 
function. In a similar fashion, other production activities also compete 
for the same sets of available resources; therefore, there are 
alternative plans that can be chosen, one of which optimises the 
objective function and satisfies other subjective restraints 
simultaneously.
^As cited in Hasmosoewignjo (1962, p.26-7), the minimum requirement is 
1,370 calories per capita per day. Assuming each family has five 
members, this requirement equals 730 kilograms milled rice equivalent 
per year.
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4.3.2 Technical Coefficients
Each activity uses particular amounts of inputs to produce a given 
level of output and/or contributes resources towards other constraints. 
These input-output ratios are the technical coefficients of each 
activity. A coefficient has a minus sign if it contributes to any 
resource supply and a positive sign if it consumes any of the resources. 
These coefficients are presented in Appendix H and I, calculated for 
each enterprise with one decare of land, except poultry, which does not 
use a measurable amount of land.
In general, the output levels given by Wardhani are high by 
smallholder standards, but may be possible in a NES scheme. Since rubber 
is the focal perennial crop, some explicit comment is required on the 
level of output assumed at maturity. Appendix M shows yearly output of 
100 kilograms per decare (or 1000 kilograms per hectare) at maturity. 
This yield level is very much higher than typical smallholders in South 
Sumatra, the adjacent province to the case study area, whose annual 
yields are ranging from 25 to 65 kilograms per decare (Barlow and 
Mu'narminto 1982, Table 6). However, government estates do have yields of 
100 kilograms per decare per year (Barlow and Muharminto 1982, Table 
16). Furthermore, even with a pessimistic expectation, government 
assisted plantations can yield up to 100 kilograms per decare (Rachman 
1978, p.153).
4.4 The Construction of Input-Output Matrix
The input-output matrix is constructed using three components: 
technical coefficients as the elements, resource supplies as the 
right-hand side column vector and gross margins as the objective 
function. Gross margin for each activity is calculated by subtracting
pvariable costs from output value (Appendix J). Using a whole-farm
approach, fixed costs are treated as the common costs; and subtracting
p It should be noted again that these data are taken directly from 
Wardhani's study. Many of the yield estimates are highly optimistic. For 
example, the assumed unimproved rice yields of 1,800 kilograms per 
hectare are over three times the yields reported by Barlow and 
Muharminto (1982). The same is true for the unimproved maize yield 
level.
46
3these costs from total gross margin results in net farm income. 
Therefore, maximising total gross margin is the same as maximising farm 
income.
The basic input-output matrix for 'at-maturity1 *45 analysis has 13 
rows and 29 columns (Appendix K).^ To complete the analysis, two 
additional data sets are required : a basic input-output matrix for
linear programming problems at immaturity and data sets for multi-period 
budgeting that cover the assumed 30 years 'project-life'. The former 
is a modification of the input-output matrix of the chosen scenario at 
maturity, while the latter is the projection of input-output 
relationships moving from the immature to mature phase for the different 
activities.
Apart from the basic linear programming problem, that is, seeking 
the optimal solution subject to resource constraints and the subjective 
restraints of the scheme management and the settler, a series of 
alternative scenarios are used to show the outcomes of different 
assumptions. The setting up of scenarios for both the at-maturity and 
at-immaturity is discussed in the next chapter, followed by the 
construction of the data sets necessary for multi-period budgeting 
analysis.
O In this study, the cost of family labour is assumed to equal zero so
that the net farm income is the return to family labour and management.
4The input-output matrix of Scenario G is presented as the basic 
matrix for the at-maturity scenarios.
5Since the objective function is optimised on annual basis, the 
at-maturity refers to year-22 of the time period vector at which the 
base enterprise, rubber, reaches its highest yield plateau. Year-one is 
taken to represent the at immaturity. To cover these two points, 
multi-period budgeting is conducted in 30 year time period.
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CHAPTER 5
THE OPTIMAL SOLUTIONS AND MULTI-PERIOD BUDGETING ANALYSIS
To portray the course of action of the proposed farming systems, 
the analysis is conducted in the stepwise manner illustrated in Figure 
3-1 in Chpter 3. In the first step, an optimum farm plan at maturity, 
the 'primary' scenario, is chosen from nine different scenarios. The 
next step is to specify the farm plan programming problems at 
immaturity. For the purpose of comparison, a 'secondary' scenario at 
maturity is also 'brought back' to immaturity. Four scenarios are 
investigated in the immature phase. These differentiate those between 
'with' and those 'without' intercropping and also allow for subsistence 
restraints. In the last step, multi-period budgeting for the most 
relevant farm plan is undertaken, spanning a total of 30 years of 
analysis.
5.1 Step One: Optimisation at Maturity
5.1.1 The Selected Scenarios at Maturity
Wardhani (1976, p.69) showed that the most binding constraints to 
total gross margin (TGM) of a farm were recurrent capital and labour. To 
some extent, the family labour constraint, in particular periods, can be 
relaxed by hiring labour. In this way, these two constraints can be 
viewed as one constraint, provided cash supplies are sufficient. In
the present study, recurrent capital was set at two alternative maximum 
supply levels, Rp5,000 and Rp20,000, to illustrate the effects on TGM. 
In addition, penalties arising from forcing the objectives of both the 
settlement scheme management and the settler into the plan are also 
examined. The scheme management's subjective restraint, in the form of 
land use for rubber, is varied by retaining or relaxing the minimum size
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of the rubber block, or allowing annual crops to compete for the use of 
this land. The settler's subjective restraint takes the form of a 
minimum of 730 kilograms of milled rice equivalent for subsistence, 50 
per cent of which must come from rice itself. Given these variables, 
nine scenarios, as listed in Table 5-1, were run using the BGPP linear 
programming computer package. The associated input-output matrices were 
constructed by modifying the basic input-output matrix at maturity 
(Appendix K).
Table 5-1: The Selected Scenarios at Maturity
Scenario Description
1. A Rubber = 2 ha; cash supply = Rp5,000; no S-R***.
2 . B Rubber <= 2 ha; cash supply = Rp5,000; no S-R.
3. C Rubber 
no S-R.
and annual crops <= 2.75 ha; cash supply = Rp5,000;
4 . D* Rubber = 2 ha; cash supply = Rp20,000; no S-R.
5. E Rubber <= 2 ha; cash supply = Rp20,000; no S-R.
6. F Rubber 
no S-R
and annual crops <= 2.75 ha; cash supply = Rp20,000;
7 . G** Rubber = 2 ha; cash supply = Rp20,000; with S-R.
8. H Rubber <= 2 ha; cash supply = Rp20,000; with S-R.
9. I Rubber 
with S-
and annual crops <= 2.75 ha; cash 
-R.
supply = Rp20,000;
Notes: * The 'secondary' scenario.
** The 'primary' scenario.
*** S-R = subsistence restraint
5.1.2 The Optima] Solutions
The optimal solutions to the scenarios examined in this study are 
summarised in Table 5-2. The table shows that there was no feasible 
solution for Scenario A, in which two hectares of rubber were forced 
into the plan without relaxing the cash constraint. This implies, that 
to grow two hectares rubber within the proposed farming systems more 
recurrent capital is required for hiring additional labour in the busy 
periods.
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Table 5-2: The Optimal Solutions to at Maturity Scenarios
Scenario
Total
Gross Margin 
(Rp)
Production Activities Code Level
(ha)
1 . A No feasible solution —
2. B 128,778 sweet potato PI1A*** 0.750
sweet potato P11B****0 189
cassava P15B 0.011
rubber P019 1.000
3. C 172,629 sweet potato PI 1A 1.143
cassava P15A 0.664
mjxed crops P17A 0.043
4. D* 208,704 sweet potato PI 1A 0.444
tobacco P12A 0.306
rubber P019 2.000
coconut P020 0.200
5. E 208,704 sweet potato PI 1A 0.444
tobacco P12A 0.306
rubber P019 2.000
coconut P020 0.200
6. F 221,280 unimproved soybean P07A 0.563
sweet potato PI 1A 1.478
red Spanish pepper P13A 0.173
cassava P15A 0.537
coconut P020 0.200
7 . G** 202,820 unimproved rice P03A 0.203
sweet potato PI 1A 0.241
tobacco P12A 0.306
rubber P019 2.000
coconut P020 0.200
8. H 202,820 unimproved rice P03A 0.203
sweet potato PI 1A 0.241
tobacco P12A 0.306
rubber P019 2.000
coconut P020 0.200
9. I 216,027 unimproved rice P03A 0.203
unimproved soybean P07A 0.531
sweet potato PI 1A 1.313
red Spanish pepper P13A 0.163
cassava P15A 0.540
coconut P020 0.200
Notes: * and ** See Table 5-1.
A denotes the crop is grown on the second parcel. 
B denotes the crop is grown on the third parcel.* * * *
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In Scenario B the settler was free to grow at most two hectares 
rubber, exclusively on the first parcel. With no change in resource 
supply, the optimal solution gave a TGM of Rpl28,778, and rubber 
occupied only one hectare of land. If annual crops were allowed to 
compete for the use of both the first and second parcel, as in Scenario 
C, the TGM was increased by 34 per cent, to Rpl72,629 - but rubber 
dropped out of the solution.1
In Scenario D, where the recurrent capital was no longer a binding 
constraint, and with no subsistence restraint, rubber had to be grown as 
a pure stand on two hectares of land. In such circumstances the TGM 
increased by a further 21 per cent, to Rp208,704.
If rubber were grown on at most two hectares land that was 
available exclusively for rubber, as in Scenario E, then the solution 
was exactly the same as that of Scenario D. However, if annual crops 
were allowed to compete with rubber for the use of that parcel, as in 
Scenario F, rubber again dropped out of the solution, and the TGM was 
maximised at Rp221,280. So far, these results indicate that the settler 
may be able to grow two hectares rubber provided the recurrent capital 
was sufficient, but this would be at the expense of reducing TGM by 
Rpl2,576 or 5.7 per cent.
In Scenarios, G, H and I, a minimum subsistence requirement was 
introduced into the model farm. The optimal solutions to these three 
scenarios gave lower TGMs, compared to those of Scenario D, E and F. The 
relatively less profitable food crops (unimproved rice and unimproved 
maize) that were forced into the plans, resulted in a reduction of the 
TGM. For example, if instead of Scenario D the decision maker undertakes 
Scenario G, this decision was penalised by Rp5,884 or 2.8 per cent 
reduction in the TGM.
In Scenario H, under which rubber was grown exclusively on two 
hectares of land, the solution was exactly the same as that of Scenario 
G. If annual crops were allowed to compete with rubber for the use of 
this parcel, as in Scenario I, the TGM was maximised at Rp216,027 and, 
again, rubber did not enter the solution. In summary, the 'global
1This was demonstrated by Wardhani (1976, p.64), where, with the same 
amount of recurrent capital, rubber did not enter the solution.
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maximum scenario' was the free allocation of resources (TGM Rp221,280). 
The subsistence constraint imposed a 2.4 per cent penalty (TGM
Rp216,027). The scheme management decision (two hectares of rubber) 
imposed a further 6.1 per cent penalty (TGM Rp202,820).
Among all scenarios, G was considered as the 'primary' scenario. It 
is likely to be acceptable in NES schemes since it took into account the 
objectives of both the scheme management and the settler. Scenario D 
probably can be seen as the 'secondary' one since it satisfied the
objective of the scheme management of having a pure rubber stand of two 
hectares but ignored the subsistence requirements of the settlers.
Accordingly, the modified versions of Scenario D and G were
reconstructed in Step Two to represent the 'immature' phase of the 
settlement scheme. The immature phase was considered to last about three 
years although the model was a static, single-year one.
5.2 Step Two: Optimisation at Immaturity
5.2.1 The Construction of Input-output Matrices for Linear Programming 
Problems in the Immature Phase
After the farm plan at maturity had been established, the settler
was assumed to be committed to some of the included production
activities over the whole time period. In the chosen model farm
(Scenario G) two perennial crops, rubber and coconut, existed in the 
solutions. Because rubber was forced into the farm plan, it took up all 
the first parcel. Coconut dominated and took up all the third parcel 
land. Thus, in the input-output matrix at immaturity two land 
constraints, FTFL and HSTL, had an equality sign.
Using this information, and keeping the other constraints at the 
same levels and with the same signs (or types of vector), the basic 
input-output matrix for linear programming problems at immaturity was
pthen constructed (Appendix L). It is necessary to note that inputs used 
for perennial crops were merely for maintenance and the gross margins in 
the objective function were negative. The establishment costs of the 
rubber block were taken into account only in the budgeting analysis.
2The input-output matrix of Scenario G2 is presented as the basic 
matrix for at immaturity scenarios.
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5.2.2 The Selected Scenarios at Immaturity
Apart from Scenario G, for the purpose of comparison, Scenario D 
was also 'brought back' to the immature phase. Both scenarios were 
modified to allow intercropping among the immature perennials. Thus, 
four scenarios at immaturity were considered and are presented in Table 
5-3.
Table 5-3: The Selected Scenarios at Immaturity
Scenario Description
1. D1 Rubber = 2 ha and coconut = 0.2 ha, both are wi th no
output; no S-R*; no intercropping.
2. D2 Rubber = 2 ha and coconut = 0.2 ha, both are wi th no
output; no S-R; with intercropping.
3. G1 Rubber = 2 ha and coconut = 0.2 ha, both are with no
output; with S-R; no intercropping.
4 . G2 Rubber - 2 ha and coconut = 0.2 ha, both are with no
output; with S-R, with intercropping.
Note: * S-R = subsistence restraint.
As has been mentioned, the differences between Scenario D and G 
were found in the subsistence constraint. The former did not incorporate 
the minimum subsistence required by the settler, while the latter did. 
In this way Scenario D1 and D2 are distinct from Scenario G1 and G2. 
Furthermore, in both Scenario D1 and G1 intercropping was not put into 
the plan, while in Scenario D2 and G2 intercropping under perennial 
crops was allowed.
Intercropping was allowed on 60 per cent of the rubber block for 
the first three years and 80 per cent of the coconut block for the first 
five years. Such assumptions are conservative and provide ample clear 
space around each perennial plant. Negative coefficients in the 
input-output matrix transfered 60 per cent of the rubber land into an
O It is expected that the difference in their maximised TGM is in part 
due to intercropping.
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intercropping land pool (RICL). A similar transfer of 80 per cent of the 
coconut land was made into a second supply of intercropping land (CICL). 
These were seen as additional land supplies to the linear programming 
problems during the immaturity period. The former was taken up by 
unimproved rice (0.203 ha), soybean (0.572 ha), sweet potato (0.111 ha), 
red Spanish pepper (0.292 ha) and cassava (0.023 ha), while the latter 
was used by red Spanish pepper (0.160 ha).
At least two advantages might be gained from intercropping. 
Firstly, maximising the use of land (or cropping intensity) can increase 
returns per unit of land. Secondly, a labour interaction effect (or a 
reduction in labour use) is common in intercropping. In this study, it 
was assumed that labour requirements for annual intercrops are reduced 
by 25 per cent for planting and 50 per cent for maintenance (weeding, 
pest controlling, pruning, etc.). As such, each scenario requires a 
particular input-output matrix, which is a modification of the basic 
input-output matrix (Appendix L). The problems were run using the same 
linear programming computer package and the results are presented in the 
following subsection.
5.2.3 The Optimal Solutions
Table 5-4 shows the optimal solution for each of the scenarios and 
the included activities with their levels.
Intercropping resulted in the reallocation of resource use, as 
shown by the difference in enterprise combinations. This led to a higher 
TGM. Jn the chosen farm plan (Scenario G2), allowing intercropping on 
the rubber and coconut block during the immaturity period increased the 
TGM quite substantially (TGM of Rp44,432 obtained by G1 and TGM of 
Rp77,390 from G2). However, since the subsistence requirement was 
forced into the farm plan, this decision was penalised by a 6.8 per cent 
reduction in the TGM (TGM of Rp83,064 generated by D2 and TGM of 
Rp77,390 by G2) .
One other interesting result was that the second farm land (0.75 
ha) was completely unused and, thus, would be fallow during the three 
years of intercropping. The implications of these results are important 
for the development of land settlement and will be discussed further in 
the next chapter.
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Table 5-4: The Optimal Solutions to at Immaturity Scenarios
Scenario
Total
Gross Margin 
(Rp)
Production Activities Code Level
(ha)
1. D1 50,317 sweet potato PI 1A 0.639
tobacco P12A 0.111
rubber P019 2.000
coconut P020 0.200
2. D2 83,064 unimproved soybean P07C* 0.555
unimproved soybean P07D** 0.160
sweet potato P11C 0.095
red Spanish pepper P13C 0.549
rubber P019 2.000
coconut P020 0.200
3. G1 44,432 unimproved rice P03A 0.203
sweet potato PI 1A 0.436
tobacco P12A 0.111
rubber P019 2.000
coconut P020 0.200
4. G2 77,390 unimproved rice P03C 0.203
unimproved soybean P07C 0.572
sweet potato P11C 0. Ill
red Spanish pepper P13C 0.292
red Spanish pepper P13D 0.160
cassava P15C 0.023
rubber P019 2.000
coconut P020 0.200
Notes: * C denotes intercropping under rubber.
** D denotes intercropping under coconut.
5.3 Step Three: Multi-period Budgeting
Using the MULBUD microcomputer package (Etherington and Matthews 
1985), the budgets for the selected farm plan were prepared for 30 
years, linking the optimal solutions at two points in time, year-one of 
the immaturity phase, and year-22 of the maturity period.4 The economic
4MULBUD is a very convenient but. not a necessary tool of analysis. 
Such a budgeting analysis could have been done with a standard 
spreadsheet. However, MULBUD has the particular advantage of being 
'ready made' and specifically allows for the continuation of the four 
intra-year seasons used in the linear programming analysis and allows 
data sets to be 'shifted' in time and merged to form a full model.
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return to the rubber block as a single enterprise, with and without 
intercropping, was analysed first. This will be compared to the economic 
return to the farm as a whole, based on the models that provide 
subsistence (Scenario G, G1 and G2). The analysis requires 'consistent 
enterprise data sets' as the basic building blocks for each of the 
partial and whole-farm budgets. As an example of such a data set, the 
completed data form for rubber is presented in Appendix N.
5.3.3 Farm Model Building
For simplicity, the three separated parcels are seen as a single 
entity, forming a farm of 30 decares (or 3 ha) in size, of which 0.5 
decares is occupied by the settler's house. This simplified model farm 
with its temporal enterprise combinations is depicted in Figure 5-1.
The linear programming solution at maturity (Scenario G) showed 
that the first and third parcel will be under pure stands of rubber and 
coconut respectively. The second parcel was dominated by three annual 
crops: unimproved rice (0.203 ha), sweet potatoes (0.241 ha) and 
tobacco (0.306 ha). However, since the optimal solution at immaturity 
(Scenario G2) indicated that the second parcel remained fallow during 
the intercropping period, it was introduced into the analysis in the 
fourth year. If there is no change in input-output relationships and 
their relative prices, as was assumed in this study, the crop 
combination on the second parcel will remain the same. This was 
justified, somewhat, by the optimal solution at immaturity without 
intercropping (Scenario Gl), where the same crops entered the farm plan.
5.3.2 Budgeting Procedures
Two partial budgets were prepared for the rubber block, comparing 
the enterprise's contribution to farm income, with and without 
intercropping. The whole-farm budget was prepared on the basis of the 
input-output relationships of the included production activities.
The performance of rubber as a single enterprise was first 
analysed, using partial budgeting. This required one data set only, 
containing the input-output relationship of rubber production with 
multi-point, single product (latex) output. The terminal (or salvage) 
value for the rubber block at the end of the 30-year period of analysis 
was assumed to equal zero. In addition, the rubber block was assumed to
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Figure 5-1: Temporal Enterprise Combinations of the Model Farm
Parcel Enterprise A r e a
(ha)
Y e a r  1 2
Time 
3 4 5 6 . 30
1* r u b b e r 2 . 0 0 0 + + + + + + + 4 - +
u n i m p r o v e d  r i c e 0 . 2 0 3 + + + - - - - - -
u n i m p r o v e d  s o y b e a n 0 . 5 7 2 + + + - - - - - -
s w e e t  p o t a t o 0 . 1 1 1 + + + - - - - - ~
r e d  S p a n i s h  p e p p e r 0 . 2 9 2 + + - - - - - ~
c a s s a v a 0 . 0 2 3 + + + - - - - -
2 u n i m p r o v e d  r i c e 0 . 2 0 3 - - - + + + + + +
s w e e t  p o t a t o e s 0 . 2 4 1 - - - + + + + -1- +
t o b a c c o 0 . 3 0 6 - - - + + + + + +■
3* c o c o n u t 0 . 2 0 0 + + + + + + 4 - +
r e d  S p a n i s h  p e p p e r 0 . 1 6 0 + + + + + - - - “
Notes: * The annual crops are intercropped under the perennial.
+ Grown.
Not grown.
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have been established in year-zero, and the settler started to run the 
farm in year-one. Inputs during the immaturity period were mainly for 
maintenance (i.e., replacing dead trees, weeding, fertilizing, pest 
control and pruning). Tapping commences in year-eight. With the assumed 
tapping practice being half-spiral tapped alternate daily (S/2.d/2 100%) 
the yield was predicted as in Appendix M. All input-output data were 
defined for four seasons per year, thus there were a total of 120 time 
periods.®
The economic return to the pure stand of rubber was then compared 
to that of the rubber block with intercropping. For this purpose the 
second partial budget was undertaken, using rubber as the 'base' 
enterprise. The annual intercrops on the rubber block were grouped into 
two data sets. Those contributing to subsistence (rice, sweet potato and 
cassava) were pooled in one data set, and treated as one enterprise with 
three outputs. Annual cash crops (soybean and pepper) were pooled in 
another data set, and considered as one enterprise with two outputs.”
The final comparison was made between the economic performance of 
the rubber block on the one hand and the farm as a whole on the other. 
For the whole-farm budget, six data sets were prepared. Here, rubber 
with its original data set was again taken as the base enterprise. Also, 
the data sets for food and cash intercrops that had already been 
prepared were taken as the second and the third data set respectively. 
The fourth data set was for coconut as a single enterprise with 
multi-point, single-product, output (nuts) and with a zero terminal (or 
salvage) value. The crop starts producing in year-six, and its yield was 
predicted as in Appendix M. The fifth data set was for pepper intercrop
Under the NES schemes the first three years are considered as a 
'conversion' period, during which the settlers are actually employed as 
paid labour. They only start to look after their own rubber block in the 
fourth year. In the present study, the costs and returns are based on 
the assumption that the settlers take on 'responsibility' from the first 
year, but they continue to be supervised by NES management.
The four seasons in the linear programming model were used in the 
multi-period budget analysis. Although they are not of equal length, as 
required by MULBUD, the effect on discounted values will be negligible. 
The 16-bit version of MULBUD allows for up to 200 time periods but the 
8-bit version is restricted to 60.
rj
See Chapter 3 for the discussion of the 'base' enterprise and 
outputs.
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on the coconut block, and lasted for five years of intercropping. The 
last data set was prepared for the second parcel, which remained fallow 
while the rubber block was being intercropped. Three annual crops 
(rice, sweet potato and tobacco) grown on this parcel were considered as 
one enterprise with three outputs.
Apart from increasing income, intercropping is likely to reduce 
labour use, especially for maintenance such as weeding, pruning and pest 
controlling. The MULBUD microcomputer package facilitates the 
computation of such a reduction endogenously, provided labour
Ointeraction factors are known. However, since the modelling was done 
for the farm as a whole, which consists three physically separated 
parcels, the interaction factors entered were zero and the labour use 
for intercropping was adjusted exogenously.
In MULBUD, labour is not a 'binding constraint'. Any shortage in 
family labour is automatically filled (at a cost) by hired labour. In 
the present study, the period of land preparation and planting (Period 
I) and harvesting (Period III) were seen as the critical ones. As in the 
linear programming problems, additional labour can be obtained through 
hiring draught-animals for land preparation, and spontaneous 
transmigrants for harvesting, with wage rates of Rp20 and Rp30 per hour 
respectively.
Under NES schemes, the establishment cost of a rubber block is
Qconsidered as a credit. However, because it would divert attention away 
from the central purpose, this study did not attempt to assess the 
repayment schedule of the credit."*0 Instead, the establishment cost was 
merely viewed as a fixed cost, which affected both the discounted 
revenue of the rubber block and also the whole-farm model. Since this 
cost 'enters' the farm in year-eight (note the seven year grace period 
with no interest charged to the settler in Appendix F), its 'true' value
O A brief discussion on interaction factors can be found in Etherington 
and Matthews (1985, p.59-60).9The establishment cost (excluding maintenance labour during the first 
three years) for two hectares rubber was Rp4 million in 1985 prices. 
This cost is roughly equal to Rp626,000 in 1972 prices, adjusted using 
cost of living index.
10MULBUD facilitates the calculation of interest charges and repayment 
schedule in an iterative procedure.
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must be discounted to allow it to exist in year-one of the analysis. 
Using a 12 per cent discount rate per year, the establishment cost in 
the commencement date of the analysis is equal to Rp253,000.
As was mentioned in Chapter 3, one of the differences between 
static linear programming and multi-period budgeting techniques is that 
the former does not take into account time preferences, while the latter 
does. In the present study, a 12 per cent discount rate was used to 
reflect the opportunity cost of investment from the settler's viewpoint. 
Even though the formal interest rate is much higher than 12 per cent per 
year, this choice can be justified by the fact that this rate prevails 
in the government's agricultural credit schemes, and could not have been 
invested outside the sector. Furthermore, as Gittinger (1982, p.314) 
asserted, the real opportunity cost of capital is rarely known. In most 
developing countries, it ranges between eight and 15 per cent in real 
terms, and a common choice is 12 per cent.
5.3.3 Farm Budget Analysis
The summary of the partial budgets prepared for the rubber block, 
with and without intercropping, and whole-farm budget analysis are 
presented in Table 5-5.
A quick glance at the performance of the rubber block as a pure 
stand shows that this enterprise does not pay. Its benefit-cost ratio 
was only 0.702, whjch means the total discounted costs exceeded the 
total discounted gross margin. Break-even or the internal rate of return 
(IRR) could be achieved at a lower discount rate, 8.9 per cent. 
Intercropping raised the benefit-cost ratio to 1.193. In other words, 
the intensive use of the rubber block during the three years of 
intercropping improved the economic performance of this block and made 
it profitable. Similarly, the IRR also increased to 15.3 per cent, 
higher than the assumed 12 per cent discount rate.
On the other hand, the whole-farm budget shows that the farm as an 
entity was economically viable. With benefit-cost ratio of 2.303 the 
farm may be considered fairly remunerative. From this comparison, it may 
be said that the rubber block was subsidised not only by the government 
through its credit schemes, but also by the economic returns to the 
other two parcels. Further analysis of the outcomes of the farm plan 
will be discussed in the next chapter.
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Table 5-5: The Analysis of Budgets (at 12 per cent Discount Rate)
Item Rubber Block 
No Intercrop.
Rubber Block 
With Intercrop.
Model Farm
1. Sum of Net Present 
Value (Rp) -116,945 78,980 668,004
2 . Amortized Values (Rp)
a. Per year -14,518 9,804 82,928
b. Per season -3,476 2,348 19,859
3. Sum of Present Values (Rp)
a. Gross revenue 275,321 487,960 1,180,474
b. Total costs -392,267 -408,980 -512,470
4 . Benefit/cost ratio* 0.702 1.193 2.303
5. IRR (%) 8.9 15.3 37.8
6. Labour Use (hours)
a. Overall total 47,817 50,548 87,466
b. Ave.total per year 1,594 1,685 2,916
c. Ave.total per season 398 42.1 729
d. Ave.hired per year 0 0 150
e. Ave.hired per season 0 0 37
Note: * B/C ratio is given by 3a/3b (absolute value).
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5.4 Consistency of the Far» Plan's Outcomes
The three steps in analysis discussed above showed the whole 
process of farm planning adopted in this study. The static linear 
programming technique, on the one hand, was conveniently employed to 
formulate the optimal farm plan under different circumstances. However, 
this technique lacks the capability of assessing the economic outcomes 
of the plan over a longer time period. This weakness becomes apparent 
when the plan is committed to perennial crops that have a life-cycle 
more than two or three decades. On the other hand, the multi-period 
budgeting technique took the specified time dimension into consideration 
without having a difficulty, provided the optimum enterprise combination 
had already been formulated. In this way, the combination of these two 
analytical tools gave the complete analysis of the farm plan that was 
sought.
As was expected, the linear programming and MULBUD packages worked 
in a complementary fashion. Therefore, the objective functions or total 
gross margins (TGMs), which were maximised in the linear programming 
solutions, must exist in the budgets with the same magnitudes. As a 
consistency check, the returns to the farm (TGM in linear programming 
and Net Revenue in budgeting) are listed in Table 5-6.
Table 5-6: The Consistency Check of the Linear Programming
Solutions and Budgets
Year Total Gross Margin* 
(Rp)
Net Revenue** 
(Rp)
(1) (2) (3)
1 76,615 -176,332***
2 76,615 76,668
22 196,935 197,218
Notes: * Calculated by linear programming.
** Calculated by budgeting.
*** Investment cost is included.
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The returns presented in Table 5-6 were calculated for the farm 
under the ’primary' scenario. Values on column-2 were obtained from the 
linear programming solutions (Table 5-2 and Table 5-4); column-3 derived 
from the whole-farm budget (net revenue in Appendix 0). The first 
comparison, made in year-one, shows that the investment (establishment) 
cost was included in the budget only. The returns in the truly 
comparable years (year-two and year-22) are sufficiently close to verify 
the consistency check. The very slight differences are probably due to 
rounding errors.
Having presented the results and the consistency checks, the
whole-farm plan will be discussed in the following chapter. The
discussion will mainly focus on the pi an 's stability, and i ts
acceptability to both parties, the scheme management and the settler, 
concerned with the scheme.
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CHAPTER 6 
DISCUSSION
The adaptability, flexibility and suitability of mathematical 
programming techniques to problems in farm planning has been 
demonstrated in the preceeding chapter. One may question how 'good' the 
plan turns out to be. A satisfactory answer to such doubts cannot be 
given by ex ante planning. Nevertheless, post-optimality analysis can 
provide a basis for judging the plan. This chapter scrutinizes the farm 
plan, using the ranging analysis reported in the linear programming 
outputs. The discussion also includes sensitivity analyses of some 
aspects of the multi-period budgets. The farm plan is then put into 
perspective, analysed from the standpoints of the scheme management and 
the settler. Finally, it is necessary to mention some limitations of the 
study, particularly in drawing policy conclusions, owing to the 
inadequate data.
6.1 Post-optimality Analysis
6.1.1 Ranging Analysis
Apart from 'technical' assumptions inherent in the linear 
programming technique, some other assumptions have also been added. 
Moving from the immaturity to maturity phase, the farm plan was analysed 
under two strong assumptions: (1) constant relative prices, and (2) 
constant technology (or input-output relationships). With such 
assumptions, and taking into consideration the objectives of both 
parties involved in the scheme, the farm total gross margins (TGMs) were 
maximised at Rp77,390 at immaturity and Rp202,820 at maturity (Table 5-2 
and Table 5-4 ) .
Parametric programming for testing the sensitivity of these 
solutions with respect to changes in the right hand side (RHS) or 
objective function coefficients was not attempted. Instead, the
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stability of the solutions was examined using the ranging analysis 
provided by the linear programming computer package. This was shown 
through the range within which the incremental change of the gross 
margin is allowed for the solutions to remain optimal (Table 6-1).
The wider the range the more stable is the solution. But, the 
stability of a solution as a whole depends on the 'critical' enterprise. 
The enterprise with the narrowest range is considered as the critical 
one, because changes in its gross margin would affect the solution in 
the first instance.
In the case of the farm plan at immaturity, it can be said that 
this solution is very susceptible to any decrease in the gross margins 
of most of the included enterprises, since all lower values of the range 
are zero, except for pepper intercrop on the first parcel, rubber and 
coconut. For example, any decrease in the gross margin of rice will also 
reduce the land under this crop. Further decreases may make this crop 
to drop out from the solution. The pepper intercrop on the rubber block 
will remain in the solution, provided the decrease in its gross margin 
does not exceed Rp433. But, the same crop grown on the coconut block 
will only stay in the solution if there is no change in its gross 
margin. Because rubber was forced into and coconut dominated the third 
parcel in the solution, both will stay in the plan irrespective of 
decreases in their gross margins.
Of four subsistence crops (rice, maize, sweet potato and cassava), 
maize did not entered the solution. The minimum subsistence requirement 
was satisfied by the other three food crops. Sweet potato dominated the 
other two subsistence crops as shown by the fact that a smaller increase 
in its gross margin was required for it to remain at the same level in 
the solution. An increase in its gross margin by more than Rp230 will 
make the area under food crops change.
In the at-maturity case, sweet potatoes again appeared as the 
critical enterprise. Its narrow range revealed that only a relatively 
small change in its gross margin was allowed for the solution to remain 
optimal.
The linear programming package also provided information on the 
marginal value product (MVP) of each resource and restraint fully used, 
and the incremental changes to the right hand side (RHS) coefficient for
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Table 6-1: The Range of Gross Margin of the Included Activities
for the Solutions to remain Optimal
Included Activities Code Level
(ha)
Range
Lower
(Rp)
Upper
At_Immaturity
1. Unimproved rice P03C* 0.203 0 2,611
2. Unimproved soybean P07C 0.572 0 728
3. Sweet potato P11C 0.111 0 230
4. Red Spanish pepper P13C 0.292 -433 0
5. Red Spanish pepper P13D** 0.160 0 8,694
6. Cassava P15C 0.023 0 1,967
7. Rubber P019 2.000 no limit 7,978
8. Coconut P020 0.200 no limit 6,955
At Maturity
1. Unimproved rice P03A*** 0.203 -54 2.902
2. Sweet potato PI 1A 0.241 -5 52
3. Tobacco P12A 0.306 -5 2,562
4. Rubber PO19 2.000 -882 no limit
5. Coconut P020 0.200 -54 no limit
Notes: * C denotes the crop is intercropped under rubber.
** D denotes the crop is intercropped under coconut.
*** A denotes the crop is grown on the second parcel.
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which that MVP holds good. In Table 6-2, MVP of resources fully used are 
presented for the solution at maturity only.
Table 6-2: Marginal Value Product of 
Fully
Resources
Used*
and Restraints
Resource Code Supply
MVP
(Rp)
Range
Lower Upper
(1) (2) (3) (4) (5) (6)
1.First farm land FTFL 20.0 da 882 -2.80 7.09
2.Second farm land SDFL 7.5 da 4,892 -0.85 1 . 19
3.Homegarden HSTL 2.0 da 4,945 -2.00 7.67
4.Family labour in 
Period I FLP1 1,060 hrs 20 -93 115
5.Family labour in 
Period II FLP2 900 hrs 137 -242 56
6.Minimum subsistence STC1 730 kg 16 -434 365
Note: * At maturity only.
In the case of land supply, adding one decare to the second parcel 
will give additional Rp4,892 in the TGM, much higher than that of the 
rubber block (MVP Rp882). The incremental changes allowed in the supply 
of this second parcel lies within a narrow range, -0.85 to 1.19 decares, 
otherwise the solution will no longer be optimal.
Hiring one hour labour in Period II will increase the TGM by Rpl37. 
Adding more labour, up to 56 manhours, will increase the TGM further 
without changing the optimal solution. To some extent this information 
could be useful in maximising employment, potentially supplied by 
spontaneous migrants.1
^ne may argue that the settler's dependents will carry on with the 
on-farm work, so the constant supply of family labour assumed in this 
study is unrealistic. However, some studies strongly suggest that not 
all children, as they mature, intend to remain in agriculture. Many of 
them will seek livelihoods in non-farm employment (Goering 1978, p.39). 
Thus, the assumption is not without realism.
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6.1.2 Sensitivity Analysis of the Farm Budgets
The analytical tools used in this study, static linear programming 
and multi-period budgeting, were employed in a complementary fashion. 
The former formulated the optimal solutions, while the latter 
investigated the plan's outcomes over the whole planning horizon of 30 
years. Here, the budget reports are presented, mainly focusing on the 
sensitivity analyses of some aspects of the whole-farm budget.
The sum of net present value (SNPV) and annuity were calculated for 
30 year project-life, using a 12 per cent discount rate, which is 
assumed to reflect the opportunity cost of capital. The effect of 
changes in this opportunity cost is shown in Table 6-3. Four discount 
rates were entered, and both the SNPV and the annuity remain positive up 
to a 30 per cent rate. This was expected since the internal rate of 
return (IRR) is 37.8 per cent. Nevertheless, this check was done to 
ensure that there were no multiple IRR caused by the alternating signs 
of the net revenue. Figures in Table 6-3 shows that the discounted 
returns to the farm as a whole is sustainable when subject to a change 
in the discount rate.
Table 6-3: Sensitivity Analysis on Discount Rate
Discount Rate SNPV Annuity
(*) (Rp) ( R p )
10.5 812,143 89,764
12.0* 668,004 82,928
16.0 408,323 66,101
30.0 67,173 20,159
Note: * The assumed discount rate.
MULBUD also reported the sensitivity of both SNPV and annuity to 
changes in the gross revenue and material costs. It must be stressed 
that this sensitivity is much more in the spirit of the 'sustainability' 
rather than the 'stability' of the farm plan. This is so, because the 
increases or decreases in material costs or gross revenue relate to
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changes over the whole planning horizon rather than to a 'perturbation' 
at any particular time. The matrix shows the proposed farming system to 
be highly stable in an absolute sense in that even if material costs 
increase by 20 per cent and gross revenue decrease by the same 
percentage, the farm is still making a positive revenue (SNPV = 
Rp336,455).
To examine relative stability, the elasticity of SNPV with respect 
to decreases in gross revenue (El) and increases in material cost (E2) 
were analysed. In Figure 6-1 the central cell (A) is considered as the 
'best-guess', and used as the base. The value in cell A is the SNPV (in 
RplOO) at a 12 per cent discount rate with no change in both the gross 
revenue and the material cost. Cell B is the SNPV with a 10 per cent 
decrease in the gross revenue and no change in the material cost, Cell C 
being the SNPV with no change in the gross revenue and 10 per cent 
increase in the material cost.
From Figure 6-1 the following elasticities were calculated:
El = [(A - B)/A]/10% or [(A - B)/A] x 10 (1)
= [(6,680.04 - 5,499.57)/6,680.04] X 10
= 17.6716
E2 = [(A - C)/A]/3 0% or [(A - C)/A] x 10 (2)
= [(6,680.04 - 6,202.77)/6,680.04] x 10
= 7.1447
Thus, a one per cent decrease in the gross revenue (for the total 
planning horizon) will cause 17.8 per cent decrease in the SNPV. 
Similarly, if the material cost rise by one per cent the SNPV will 
decline by 7 per cent. The implication of such findings is that 
maintaining the assumed level of gross revenue is critically important. 
However, since the settler cannot exert influences on prices, the only 
possibility left for him is to stabilise the farm's productivity. This 
can be done, for example, through good crop maintenance and proper 
tapping practice. To sum up, failure by settlers to meet the yield 
levels assumed in this study will severely affect the SNPV. Such failure 
will have a greater impact than an increase in the material costs.
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6.2 The Farm Plan in Perspective
In the suggested farm plan some resources and restraints were not
ofully utilised or satisfied, as shown in Table 6-4. This table shows 
that the second farm land was completely unused at immaturity, and would 
be idle during the three years of intercropping. Since labour 
interaction occured in intercropping, exploiting intercropped land was 
relatively more profitable than planting the second parcel of farm land. 
But once intercropping is prevented by the growth of the perennials, the 
second parcel will be fully utilised.
Table 6-4: Resources and Restraint Unused
Resource Code Supply At imma­
turity
At matu­
rity
(1) (2) (3) (4) (5)
1.Second farm land SDFL 7.5 da 7.5 *
2.Family lbr in Period III FLP3 420 hrs * 103
3.Family lbr in period IV FLP4 960 hrs 176 346
4.Hired lbr in Period I HLP1 530 hrs 418 415
5.Hired lbr in Period III HLP3 210 hrs 169 210
6.Cash in the wet season CSHW Rp20,000 * 1,863
7.Cash in the dry season CSHD Rp20,000 7,366 8,600
8.Subsistence from rice STC2 365 kg * 242
Note: * Fully used or satisfied.
This finding would be welcomed by the scheme management for two 
reasons. First, the delay in operating the second parcel enables the
settler to concentrate his efforts in upkeeping the young rubber. In 
addition, intercropping the rubber block would 'force' the settler to 
visit this parcel continuously, and also save his time of moving from
or
pResources and restraints not listed in this table were all exhausted 
satisfied.
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one parcel to another. Second, experience of settlement schemes suggest 
that in most cases the central projects (the nucleus estates) were not 
actually able to allot, let alone, clear, the second parcel on schedule. 
Therefore, the three years delay would be a welcome period in which the 
central project can establish the second parcel.
One of the most frustrating problems faced by new settlers is the 
rapid decrease in the yield level of annual crops where the land is 
under continuous cropping. Unless good soil management is maintained, 
the productivity of podzolic soils tends to decline dramatically in a 
short time. Given this fact, from the settler's standpoint these 
solutions are also favourable. Planting the newly opened land (the 
second parcel) in the fourth year could stabilise incomes, at least for 
the first few years, before the demanding tasks of maintaining soil 
fertility must be undertaken.
Given the seasonality of family labour and hired labour supply, 
Table 6-4 also shows the critical periods of labour use. It was 
predicted that the young perennials require labour more than the mature 
ones. This is due to the intensive work in looking after the young 
trees. Furthermore, this is critical since their productivity in later 
years can be determined by how them are treated during immaturity. In 
addition, the intensity of labour use for young perennials tends to be 
relatively constant throughout the year. Therefore, in order to be able 
to grow annual intercrops, additional labour must be hired. For this 
purpose 112 manhours equivalent of draught animals was hired, as shown 
in Table 6-4 (column-3 minus column-4 on row-4). To harvest these annual 
crops 41 manhours of human labour must be hired (Table 6-4, column-3 
minus column-4 on row-5), adding to the supply of family labour in 
Period III. As the perennials mature, they require relatively less 
labour, which is mainly devoted to harvesting (or tapping). In year-22, 
for example, additional labour was hired only in Period I, mainly used 
for ploughing the second parcel.
The characteristics of hired labour utilisation supports the 
rationality of the chosen farm plan. Additional labour will only be 
hired when it is needed. For land preparation at immaturity and 
maturity, only about 21 per cent of the available draught power was 
hired. To harvest the annual intercrops only 20 per cent of the
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available hired labour was utilised, while no additional labour was 
needed for harvesting once the farm is mature. However, this may be 
contradicted in reality, particularly in a traditional society where 
farms are not only seen as economic units, but also in terms of their 
social roles. In such a society, exchange labour is commonly practiced 
and the use of hired (human) labour is also determined by kinship, 
social sanctions, etc.
Under a weil prepared NES scheme, the recurrent capital is not 
likely to be a binding constraint. Based on this expectation, the 
capital constraints were relaxed such that they no longer generated an 
infeasible solution. The assumed Rp20,000 cash supply in the wet season 
was fully used at immaturity, while at maturity there was Rpl,863 left 
over. Furthermore, the same supply in the dry season was not fully 
utilised, Rp7,366 and Rp8,600 were idle at immaturity and maturity 
respectively. If the settlers could not afford to acquire their own 
recurrent capital, especially in the early stage of settlement 
development, then credit is the only source of cash supply. The above 
findings can be a basis for rationing credit to meet the actual amount 
required for farm operations, say, Rp20,000 in the wet season and 
Rpl2,500 in the dry season.
The subsistence restraint came in parts: (1) the minimum 730 
kilograms milled rice equivalent which could be obtained from rice, 
maize, sweet potato and cassava; and (2) the requirement that at least 
half of it (365 kg) must come from rice alone. These restrictions were 
imposed in both the immature and mature periods. Three food crops (rice, 
sweet potato and cassava) contributed to the requirement during the 
three years of intercropping, while only rice and sweet potato were 
grown to satisfy the subsistence requirement beyond that period.
The discounted returns to the whole-farm are good. (With the 
optimal allocation of available resources the farm income was maximised. 
Literally, such results would improve the well-being of the settler.) 
The commonly used measurement of poverty in Indonesia is income per 
capita per year converted into milled rice equivalent (MRE). Sayogyo 
(cited in Penny and Ginting 1980, p.488) considered income per capita of 
320 kilograms MRE as the poverty line. For a family with five members 
this boundary is equal to 1,600 kilograms MRE. With an annuity of
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Rp82,928 accruing to the farm, the settler would have been lifted above
Othe poverty line. Furthermore, from year-eight the annual returns are 
well above this annuity level and, for example, in year-22 the family 
would have an income (Rp203,098) almost three times the poverty level. 
Thus, farm income has been shown to improve substantially over the 
project life.
In many settlement schemes in Indonesia, it is often found that the 
settlers maintain their old agricultural practices. Despite the 
difference in soil types, they frequently insist on growing the same 
crops as they used to grow in their places of origin. According to the 
Sitiung survey (Perry 1985, p.111-112), conducted in 1982/1983, the most 
frequently grown crops were upland rice, maize, cassava and peanuts. 
Except rice, and cassava during the intercropping period, none of those 
two other crops entered the solutions. The effects of forcing 
subsistence crops into the plan has been shown by a 2.4 per cent 
reduction in the TGM. Since maize and peanuts do not contribute to 
subsistence, the only reason for growing them is expected income. 
However, forcing them in the model farm is the same as making a wrong 
decision. Table 6-5 lists the cost of such a wrong decision, in terms of 
the reduction in the TGM that could have been prevented if the right 
decision (i.e., the optimal plan) was adopted.
Forcing any of the non-basic activities into the farm plan will 
cause the solution to become nonoptimal.3 4 A reduction in the TGM as a 
result of insisting on a one unit inclusion of a non-basic activity is 
shown by its marginal opportunity cost (MOC). For example, growing 
unimproved maize on one decare of the second parcel will reduce income 
by Rp5,793. Similarly, if ground nut were to be adopted, the settler's 
income will be reduced by Rpl,937.
3In 1972 prices, the average price of milled rice in rural areas was 
Rp42.50 per kilogram (Lampung. Statistical and Census Office 1972, 
p.350). Using this price, the farm income is roughly equal to 1,951 kg 
MRE per year.
4This indeed is what was done in Chapter 5 when Scenario G was 
selected instead of the global maximum plan, Scenario F.
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Table 6-5: Marginal Opportunity Cost of the Excluded
Activities*
Activity Code MOC
(Rp)
1.Unimproved rice P03B** 54
2.Unimproved maize P05A*** 5,793
3.Unimproved maize P05B 5,847
4.Improved maize P006 3,634
5.Unimproved soybean P07A 3,099
6.Unimproved soybean P07B 3,152
7.Improved soybean P008 4,329
8.Ground nut P09A 1,937
10.Ground nut P09B 1,991
11.Mungbean P10A 17,425
12.Mungbean P10B 17,479
13.Sweet potato P11B 54
14.Tobacco P12B 54
15.Red Spanish pepper P13A 3
16.Red Spanish pepper P13B 56
17.Sorghum P14A 14,880
18.Sorghum P14 R 14,933
19.Cassava P15A 8,702
20.Cassava P15B 8,756
21.Mixed crops P17A 10,626
22.Mixed crops P17B 10,680
23.Poultry P02 1 21,308
24.Labr. hiring in Period TIT P023 30
Notes: * At maturity only.
** B denotes the crop grown on the 
third parcel.
*** A denotes the crop grown on the 
second parcel.
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6.3 Limitations of the Study
The actual farm plans formulated in this first attempt to model NES 
scheme farming systems may not be entirely satisfactory, as the planning 
environment may not have been adequately captured by the model. Even 
though the objectives of the parties have been included in the model, 
they may not be correctly quantified, owing to the inadequate 
information at hand. This deficiency was exacerbated by the difference 
in the setting of the case-study area and the current NES schemes. In 
other words, the study sought an optimal farm plan for future NES 
schemes, but this has been done using the data derived from the 
case-study area in its 1972 setting. Consequently, the results must be 
interpreted with great caution, as the data may not fit the schemes. 
Accordingly, policy implications should only be drawn after the data 
have been updated. More important than the actual results is the 
planning approach adopted in this study. This aspect will be emphasised 
in the next, concluding, section.
6.4 Concluding Remarks
If the data used in this study could be considered to be a true 
reflection of reality then a number of policy conclusions could be 
drawn. For example, one could conclude that the empirical results show 
that the rubber block does not pay. It is subsidised not only by the 
government but also by the other enterprises. It follows that if the 
economic performance of the rubber block can be improved or if it could 
be replaced with a more profitable perennial, it will increase the farm 
income. However, rubber, as the closest ecological alternative to rain 
forest, may be considered to provide environmental externalities in 
protecting the fragile podzolic soils. Consequently, the demanding 
tasks of soil management can be devoted to the second parcel where 
annual crops are grown. Since this parcel remains fallow during the 
three years of intercropping, the intensive labour use of soil 
management is delayed for a few years, so not to compete with the young 
perennials.
Given the data and the results one could also conclude that, from 
the settler's viewpoint, the investment in the farm as a whole is quite 
remunerative. The high benefit-cost ratio and rate of return is in part
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due to the fact that only material and hired labour costs and 
establishment costs of the rubber block are incurred. In other words, no 
explicit charge is made for family labour. The resultant net income is 
the return to family labour and management (of the farm). With this in 
mind, the optimal combination of enterprises gives an income which is 
far above the poverty level. It also secures the minimum subsistence 
requirement of the settler. This is of particular importance, 
especially in the early stage of the settlement when access to food 
markets may be difficult. Equally important, the inclusion of food and 
cash annual crops in the farm will reduce the settler's dependency on 
the central project, particularly during the perennial's gestation 
period.
Since the settler must be committed to the perennials, the 
flexibility of the farm plan is found in the second parcel. Changes in 
technology and relative prices of inputs and outputs that may occur 
during the course of the project can be accomodated by remodelling the 
farm plan on this parcel.
It is necessary, however, to emphasise that policy conclusions 
should not be drawn from the actual results of this study. A complete 
re-working of the problem with current input-output data and prices 
should be made before any specific recommendation can be made. It is the 
methodology that has been demonstrated, and that is of particular 
importance - not the results. This study has demonstrated the practical 
use of an innovative approach to farm planning for the long-lasting 
farming systems that form the core of government assisted settlement 
schemes in many parts of the world.
Apart from being able to provide an optimal solution to a complex 
dynamic problem, this approach has other advantages: the combination of 
static linear programming and dynamic budgeting is highly complementary 
and gives a wider range of economic measures of the farming systems than 
does either technique operated in isolation. Furthermore, the approach 
appears is an ’appropriate technology' substitute for dynamic linear 
programming in modelling farming systems involving perennials.
The majority of regional planning offices of NES schemes in 
Indonesia, and perhaps in most other developing countries, lack ready 
access to main-frame computer facilities. These are necessary to handle
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the very large matrices involved in realistic multi-period linear 
programming problems of the type discussed in this study. The approach 
proposed here is practical in that it uses readily available 
microcomputer software and hardware. Such equipment is becoming cheaper 
and more powerful. It can certainly be afforded by regional 
administration offices and even by the management of individual NES 
schemes. Moreover, given its simplicity, the approach can help in 
quickly re-evaluating and re-directing a settlement scheme's course of 
action if the parameters of the original problem change substantially. 
Although the technical and financial constraints are minimised, the 
widespread and effective use of this approach will probably require some 
further training of planners in regional offices.
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APPENDIX A
MAJOR COFFEE PRODUCER COUNTRIES, 1974-1983
Country
Production (1000 MT)
1974-1976 1981 1982 1983
1. Brazil 1,088 (25) 2,032 (34) 927 (19) 1,680 (30)
2. Colombia 489 (11) 808 ( 13) 840*(17) 798*(14)
3. Mexico 220 (5) 244 (4) 313 (6) 240*(4)
4. Indonesia 171 (4) 315 (5) 265 (5) 233 (4)
5. Ivory Coast 258 (6) 367 (6) 243*(5) 2 2 5 * ( 4 )
6. Ethiopia 168 (4) 202 (3) 202 (4) 204**(4)
7. Others 1,914 (44) 2,058 (34) 2,152 (44) 2.157 (40)
World 4,308 6,026 4,942 5,537
Notes: * Unofficial figure.
** FAO estimate.
Figures in brackets are percentages of total in each column.
Source: FAO Production Year Book 1983, p.198.
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APPENDIX B
MAJOR PALM OIL PRODUCER COUNTRIES, 1974-1983
Country
Production (Mill.MT)
1974-1976 1981 1982 1983
1. Malaysia 1,190.7 (37) 2,822.2 (52) 3,510.7 (56) 3,000.0 (51)
2. Indonesia 398.8 (13) 741.8 (14) 824.0 (13) 950.0 (16)
3 . Nige r i a 631.7 (20) 675.0**(12) 700.0**(11) 710.0**(12)
4. China 157.3**(5) 190.0**(4) 200.0* * ( 3 ) 200.0**(3)
5. Zaire 180.4 (6) 165.0**(3) 155.0**(2) 140.0**(2)
6. Tvory Coast 149.9 (4) 155.0 (3) 156.0 (2) 133.0 (2)
7. Others 476.6 (15) 648.9 (12) 731.2 (13) 736.6 (13)
Wor.1 d 3,185.4 5,397.8 6,276.9 5,869.6
Notes: * and ** see Appendix A.
Source: FAO Production Year Book 1983, p.155.
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APPENDIX C
MAJOR RUBBER PRODUCER COUNTRIES, 1974-1983
Country
Production (1000 MT)
1974-1976 1981 1982 1983
1 . Malaysia 1,556 (43) 1,510 (40) 1,517 (40) 1,530 (40)
2. Indonesia 976 (27) 963 (26) 880 (23) 920 (24)
3. Thai land 375 (11) 508 (14) 576 (15) 570 (15)
4 . India 137 (4) 151 (4) 166 (4) 170*(4)
5. China 65**(2) 128**(3) 153**(4) 165**(4)
6. Sri Lanka 144 (4) 124 (3) 125 (3) 135 (3)
7 . Others 350 (9) 369 (10) 380 (10) 376 (10)
World 3,603 3,753 3,797 3,866
Notes: * and ** see Appendix A.
Source: FAO Production Year Book 1983, p.209.
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APPENDIX D
MAJOR TEA PRODUCER COUNTRIES
Country
Production (1000 MT)
1974-1976 1981 1982 1983
1. India 496 (32) 561 (30) 564 (29) 595*(30)
2. China 239**(16) 368**(20) 425**(22) 429**(21)
3. Sri Lanka 205 (13) 210 (11) 188 (10) 175 (9)
4. USSR 86 (6) 137 (7) 140 (7) 150**(7)
5. Kenya 57 (4) 91 (5) 96 (5) 112* (6)
6. Indonesia 80 (5) 109 (6) 92 (5) 110 (5)
7. Others 379 (24) 387 (21) 428 (22) 449 (22)
World 1,542 1,863 1,933 2,020
Notes: * and ** see Appendix A.
Source: FAO Production Year Book 1983, p.201.
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APPENDIX E
EXPECTED NET INCOME ACCORDING TO TYPE OF CROPS UNDER PIR-KHUSUS
(RP OOO/FAMILY)
Year Rubber Oil palm Cocoa
3 - - -
4 - 40.78 249.27
5 - 145.90 359.18
6 - 177.66 481.32
7 - 187.82 508.56
8 365.60 564.50 584.66
9 512.72 962.98 784.18
10 738.16 1,119.98 1,248.48
11 873.41 1,627.76 1,982.48
12 1,147.01 1,627.76, 1,982.00
13 1,332.27 1,477.28 1,783.00
14 1,632.37 1,477.28 1,783.00
15 1,875.05 1,477.28 1,598.00
16 2,117.73 1,477.28 1,588.00
17 2,130.73 1,252.56 1,588.00
18 1,914.01 1,251.56 1,391.00
19 1,927.05 1,251.56 1,194.00
20 1,940.05 1,251.56 1,194.00
21 1,776.62 1,251.56 997.00
Source: Indonesia. Dit.General of Plantation 1984, p.VIII.2.
APPENDIX F
SOME ASPECTS OF CREDIT FOR SMALLHOLDER UNDER NES
SCHEMES
No. T  4- m
Type of Crops
Rubber and 
Coconut
Hy coconut,Oil 
palm,Tea,Pepper
1. PERIOD
1.Grace period 7 years 3 years
2.Conversion period 3 years 2 years
3.Payment period year 8 - 2 0 year 4 - 1 0
II . INTEREST
1.Bank rate * 10.5 % 10.5 %
2.Charged to farmers
(l)During grace period 0 % 0 %
(2)During payment period 6 % 6 %
3.Government subsidy
(l)During grace period 10.5 % 10.5 %
(2)During payment period 4.5 % 4.5 %
III . RISK LIABILITY
1.During conversion period
(1) Government 100 % 100 %
(2) Bank 0 % 0 %
2.After conversion period
(1) Government 70 % 70 %
(2) Bank 30 % 30 %
Note: * Subject to change.
Source: Indonesia. Dit.General of Plantation 1984,p.V.3.
APPENDIX G
THE DISTRIBUTION OF LAND CLASSES IN WAY SEPUTIH
Land Classes Gross Area Net Area*
(ha) (ha)
IR 6,629 5,966 
2R 12,393 11,156 
3R 11,160 10,044
Notes: * About 10 per cent is occupied by hamlets, 
roads, canals, etc.
Source: Wardhani 1976, Table 3.3.
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APPENDIX H
LABOUR REQUIREMENTS PER UNIT PRODUCTION ACTIVITY*
Labour Requirement per Period 
(manhours)
Activity Name Code
I II III IV
Total
1.Unimproved rice P003 80.6 10.5 27.5 - 118.6
2.Unimproved maize P005 66.5 9.1 5.6 - 81.2
3.Improved maize P006 92.4 18.9 14.0 - 125.3
4.Unimproved soybean P007 19.6 7.7 17.5 - 44.8
5.Improved soybean P008 87.5 14.7 24.5 - 126.7
6. Ground nut P009 88.2 15.4 28.0 - 131.6
7.Mungbean P010 - 123.9 - 123.9
8.Sweet potato P011 91.0 10.5 28.0 - 129.5
9.Tobacco P012 129.5 91.5 10.0 - 123.1
10.Red Spanish pepper P013 78.2 51.3 13.1 - 142.6
11.Sorghum P014 - 125.3 28.0 17.5 170.8
12.Cassava P015 - 111.3 - 45.5 156.8
13.Mixed crop P017 46.0 94.5 33.5 80.0 244.0
14.Rubber P019 19.8 27.9 8.2 29.6 85.6
15.Coconut P020 - 7.7 - 11.2 18.9
16.Poultry P021 147.0 208.2 61.3 220.5 637.0
Notes: * All crops in decare, poultry in 100 birds.
Source: Wardhani 1976, p.60.
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APPENDIX I
CASH REQUIREMENTS PER UNIT PRODUCTION ACTIVITY*
Expenditure (Rupiah)
Activity Name Code
Seed Ferti­
lizers
Pesti­
cides
Others Total
1.Unimproved rice P003 87.5 - 75.0 17.5 180.0
2.Unimproved maize P005 37.5 - 75.0 12.5 125.0
3.Improved maize P006 50.0 495.0 150.0 10.0 705.0
4.Unimproved soybean P007 143.0 - 75.0 7.0 225.0
5.Improved soybean P008 160.0 714.0 75.0 5.0 954.0
6.Ground nut P009 300.0 952.0 75.0 5.0 1,332.0
7.Mungbean P010 127.5 952.0 75.0 7.5 1 ,162.0
8.Sweet potato P011 - - 75.0 25.0 100.0
9.Tobacco P012 500.0 860.0 150.0 525.0 2,035.0
10.Red Spanish pepper P013 500.0 860.0 150.0 10.0 1,520.0
11.Sorghum P014 20.0 1,650.0 150.0 5.0 1,825.0
12.Cassava P015 - 485.0 75.0 5.0 565.0
13.Mixed crop P017 225.0 - 15.0 - 240.0
14.Rubber P019 - 750.0 117.5 32.5 900.0
15.Coconut P020 - 1,003.5 175.0 21.5 1,200.0
16.Poultry** P021 - - - - 148,050.0
Notes: * See Appendix H.
** For feed, vaccines, etc.; about one week stock 
(Rp 3,000) is used for the 1-0 coefficients. 
Source: Wardhani 1976, p.61.
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APPENDIX J
GROSS MARGIN PER UNIT ACTIVITY*
Activity Name Code
Yield Price Gross
(kg) (Rp/kg) Return 
(Rp)
Cash
Expend­
itures
(Rp)
Gross
Margin
(Rp)
1.Unimproved rice P003 180 29 5,220 180 5,040
2.Unimproved maize P005 90 20 1,800 125 1,675
3.Improved maize P006 320 20 6,400 705 5,695
4.Unimproved soybean P007 63 55 3,465 225 3,240
5.Improved soybean P008 96 55 5,280 954 4,326
6.Ground nut P009 96 85 8,160 1,332 6,828
7.Mungbean P010 80 70 5,600 1,162 4,438
8.Sweet potato P011 750 11 8,250 100 8,150
9.Tobacco P012 63 350 22,050 2,035 20,015
10.Red Spanish pepper P013 120 125 15,000 1,520 13,480
11.Sorghum P014 600 15 9,000 1,825 7,175
12.Cassava P015 1,000 12 12,000 565 11,435
13.Mixed crop** P017 8,370 240 8,130
14.Rubber P019 100 60 6,000 900 5,100
15.Coconut P020 720 10 7,200 1,200 6,000
16.Poultry*** P021 159,000 148,850 10,150
Notes: * See Appendix H. , ** Rice 90 kg at Rp29 = Rp2,610
Maize 39 kg at. Rp20 = Rp 780 
*** Eggs and culls. Cassava 415 kg at Rpl2 = Rp4,980
Source: Wardhani 1976, p.62. Rp8,370
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APPENDIX M
PREDICTED OUTPUT OF THE PERENNIAL CROPS (KG)
Rubber Coconut
Intra-year Seasons Intra-;year Seasons
I II III IV Total I II III IV Total
- - - - - - 55 - 89 144
- - - - - - 70 - 110 180
42 57 99 85 283 - 83 - 133 216
66 88 155 133 442 - 97 - 155 252
80 106 186 160 532 - 110 - 178 288
92 123 215 184 614 - 124 - 200 324
102 135 237 203 677 - 138 - 222 360
106 142 248 213 709 - 152 - 244 396
108 144 253 217 722 - 166 - 266 432
106 142 248 213 709 - 177 - 283 460
101 134 235 201 671 - 194 - 310 504
98 123 215 184 614 - 208 - 332 540
87 116 204 175 582 - 221 - 355 576
98 130 228 196 652 - 236 - 376 612
145 194 339 290 968 - 250 - 398 648
149 199 348 298 994 - 263 - 421 684
150 200 350 300 1000 - 277 - 443 720
142 190 332 285 949 - 277 - 443 720
135 180 315 270 899 _ 277 — 443 720
93
25 134 178 3 1 2 2 6 8 8 9 2 - 27 7 - 4 4 3 7 2 0
26 132 17 6 3 0 8 2 6 4 8 7 9 - 2 7 7 - 4 4 3 7 2 0
27 127 1 70 2 9 7 2 5 4 8 4 8 - 2 7 7 - 4 4 3 7 2 0
28 1 22 16 2 2 8 4 2 4 3 8 1 0 - 2 6 3 - 4 2 1 6 8 4
29 1 18 156 2 7 2 2 3 3 7 7 8 - 2 6 3 - 42 1 6 8 4
3 0 111 1 48 2 5 9 2 2 2 7 4 0 _ 2 6 3 _ 42 1 6 8 4
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APPENDIX N
RUBBER DATA FORM FOR MULTI-PERIOD BUDGETING 
(for a minimum conaiatent enterpriae data aet)
Compiled by: S.M. Nainppnlan_______ ;________  Date: 14 / 4
Of: rhp An^rral i an Narinnal Hnivpr^i ry________  FILE NAHE R R R R P Q 1 9 ____ *_
DESCRIPTORS Screen 'Page’ 1
Enterpriae name - Rubber 
Number of years - 3j^_
Area Unit - 10 Da 
Number of aeaaona A_
Agro-climatic none - Af Altitude - 28 m
1) Rainfall (mm/seaaon)
1* 945 2- 552 -3=* -260 • • 4=679
2) Sunshine (Hours/day/season)
1- 3.9 2- 4.6 -3=-7.*6 • • 4= 3.9
Soil Characteristics of the area :
a) Depth - D or S*b) Slope - F or Stc) pH - A, 5 Plant Spacing - 5 x 5 m
Land Use Index (LUl) - iQQ Crop Intensity Index (CIl)- 100
Light Interception Index (LIl) - IQQ
Currency Unit - Rp
Number of Enterprise products - ]_ Terminal Value - 0
Significant Ages Tear Season
Period of commencement 1 1
Periods to maturity j__
Time at maturity ( in seasons ) üü_
Age at senility 40 1
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APPENDIX N (Cont.)
LABOUR IHPUTS Screen 'Page* 2
Labour Time units c Manhnur«^ (Days/hour3 etc)
(Suggested notation for time-period-vectors: T [ SI S2 S3 Se ] )
1 ) Land preparation
M 30 ( 0 / 0 / 0 / 0 )
2) Planting/shading
M 3 ( 6 / 0 / 0 / 6 ) 2 5 ( 0 / 0 / 0 / 0 )
3) Weeding/mulching
M 5 (134 /240/ 0 /254) 2(105/180/ 0 /195) 5(93/160/ 0 /173) 10(88/169/ 0 /18‘
4) Fertilizer application 5(35/60/ 0 /64) 3(14/24/ 0 /25)
c\ d 7(4°/'A0/40/4°) 6(40/40/40/40) 12(30/30/15/30) 5(6/6/6/6) p) Pest Control
M 7(60/60/60/60) 2(30/30/30/30) 21(0 / 0 / 0 / 0)
6) Pruning
M 5(0 / 0 / 0 / 0) 1(8/8/8/8) 24(0/0/0/0)
7) "Other" operations
M 3(0/0/0/0) 1(60/60/60/60) 3(0/0/0/0) 18(30/30/15/30) 5(6/6/6/6)
MATERIAL IBTPUTS 
[ Name: 6 Chrs ] (3 Chrs)
Screen * Page’ 3-1
1) Planting materials [ Sdlng ] Unit = tree Unit-price = 12.50
M 5(13/0/0/13) 24(0/0/0/0)
2) Equipment [ tools ] Unit - pCk Unit-price = 325.0
3)
M 7(0/0/0/0) 23(1/0/0/0)
Fertilizer [ Fertl ] Unit *= kg Unit-price « 9.25
M 25(135/135/135/135) 5(0/0/0/0)
4) Fertilizer [ Fert2 ] Unit - kg Unit-price • 7.80
M 25(80/80/80/80) 5(10/10/10/10)
5) Chemical [ Cheml ] Unit “ Unit-price ■= 23.50
M 7(12.5/12.5/12.5/12.5) 2(3/3/3/3) 21(0/0/0/0)
6) Chemical [ Ethrel ] Unit •* it Unit-price - 58.75
M 7(0/0/0/0) 2(3.8/3.8/3.8/3..8) 21(5/5/5/5)
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APPENDIX N ( C o a t . )
ADDITIONAL INPUTS % S c r e e n  ‘P a g e ’ 3 . 2
[ C a t e g o r y  ] [ 3 x 9 c h a r  ] [  g r o u p s 1 ] Type  -  F ( i x e d  [ U n i t  ] U n i t
o r  “ Y ( a r i a b l e - p r i c e
1 ) f E s t a b l i s h  ] [ raent  ] [  c o s t ] -  F /V [ ] -  2 , 5 3 0 . 0 0
M 1 ( 1 0 0 / 0 / 0 / 0 ) 2 9 ( 0 / 0 / 0 / 0 )
2 ) [ -  ] [ ] [ ] -  F /V [ ] -  0
M 3 0 ( 0 / 0 / 0 / 0 )
3)  [  -  ] [ -  - ] [ ] -  F /V  [ 1 -  0
M 3 0 ( 0 / 0 / 0 / 0 )
4)  [  -  ] [ ] [ ] -  F /V  [ ] -  0
M 3 0 ( 0 / 0 / 0 / 0 ) - -
5) [  -  ] [ ] [ ] -  F A  [ ] ■ 0
M 3 0 ( 0 / 0 / 0 / 0 )
6) [  -  ] [ ] [ ] -  F A  [ ] -  0
M 3 0 ( 0 / 0 / 0 / 0 )
7) [ -  ] [ ] [ ] -  F A  [ ] -  0
M 3 0 ( 0 / 0 / 0 / 0 )
VAGES a n d  LABOUR AVAILABILITT S c r e e n  ’P a g e ’ 4
F a m i l y  L a b o u r  A v a i l a b i l i t y  M 3 0 ( 1 0 6 0 / 9 0 0 / 4 2 0 / 9 6 0 )
F a m i l y  Vage R a t e  M 3 0 ( 0 / 0 / 0 / 0 )
H i r e d  v a g e  M 3 0 ( 2 0 / 0 / 3 0 / 0 )
PRODUCTS a n d  OUTPUT S c r e e n  ' P a g e '  5
P r o d u c t  Number 1
Name -  [ L a t e x  ] U n i t s  -  kg
O u t p u t ( S e e  A p p e n d ix  M)
P r i c e  M 3 0 ( 6 0 / 6 0 / 6 0 / 6 0 )
L a b o u r  i n p u t s  a s  f u n c t i o n s  o f  o u t p u t  ( L-  A BQ )
H a r v e s t i n g  l a b o u r  A -  48 3 -  0 . 0 1 1
P r o c e s s i n g  l a b o u r  A -  0 3 .  0 A
S e l l i n g  l a b o u r  A « 0 3 -  0 *
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APPENDIX N (Cone.)
\
PRODUCTS and OUTPUT (cont.) Screen ‘Page’ *
Product Humber 2 **
Name - [ " ] Units “ -
Output
Price
Labour inputs as functions of output ( L- A «■ BQ )
Harvesting labour A - B -
Processing labour A « B -
Selling labour A “ B -
Product Number 3 **
Name - [ - ] Units - -
Output
Price
Labour inputs as functions of output ( L« A «- BQ )
Harvesting labour A « B -
Processing labour A = B -
Selling labour A - B -
ENTERPRISE FIELD NOTES and REFERENCES :
Notes: * Latex collected from the block and processed by the central
project.
* * Since only one product (latex) is assumed for the enterprise, 
the addition two products allowed for in the MULBUD data set 
are left empty.
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Step 1 : Static optimal farm plan at maturity.
Step 2 : Static optimal farm plan at immaturity.
Step 3 : Multi-period budgeting analysis covering 
the 30 year planning horizon.
Source: Indonesia. Dit. General of Plantation 1984, p.VIII.2. Unfor­
tunately, the source does not give a breakdown of these esti­
mates between the yield, price and cost assumptions.
Notes: * Latex collected from the block and processed by the central
project.
** Since only one product (latex) is assumed for the enterprise, 
the addition two products allowed for in the MULBUD data set 
are left empty.
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APPENDIX O
SUMMARY RESULTS OF THE WHOLE-FARM BUDGET
Budaet: WHOLE-FARM BUDGET Area U nit: 30Da
S U M M A R Y  R E S U L T S
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R e t  u r n s / —  
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e s Labour Labour M aterial Total Rev- Net N. R. / <2
a o Costs Costs Costs enue Revenue Hours 12 . 007.
r  n Hours R p  100 R p  100 R p  1O O R p  100 R p  1 O O R p  100 R p  100
1 1 :L 1 7 2 .5 0 2 2 .5 0 2 6 1 7 -8 8 2 6 4 0 .3 8  • 0 .0 0 - 2 6 4 0 .3 8 -2.25 - 2 5 6 6 .6 2
o 9 0 0 .4 2 0 .0 0 1 0 1 .7 7 1 0 1 .7 7 0 .0 0 - 1 0 1 .7 7 — Ü .  1 1 - 2 6 6 2 .7 8
3 4 6 3 .1 5 1 2 .  94 4 8 .6 5 6 1 .5 9 1 0 7 3 .7 6 1 0 1 2 .1 6 2 .  18 - 1 7 3 3 .0 9
4 7 8 5 .7 8 0 .0 0 5 3 .8 7 5 3 .8 7 2 7 .6 0 - 2 6 .2 7 - 0 . 0 3 - 1 7 5 6 .5 5
2 l 1 1 7 2 .5 0 2 2 -5 0 8 7 .8 8 1 1 0 .3 8 0 .0 0 - 1 1 0 .3 3 - 0 .0 9 - 1 8 5 2 .3 5
2 9 0 0 .4 2 0 .0 0 1 0 1 .7 7 1 0 1 -7 7 0 . 0 0 - 1 0 1 .7 7 - 0 .  11 - 1938 .2 1
3 4 6 3 .1 5 1 2 .9 4 4 8 .6 5 6 1 .5 9 1 0 7 3 .7 6 1 0 1 2 .1 6 2 .  18 - l i o a . 13
4 7 8 5 .7 8 0 . 0 0 5 3 .  87 5 3 .8 7 2 7 .6 0 - 2 6 .2 7 - 0 . 0 3 - 1 1 2 9 .0 7
3  1 1 1 7 2 .5 0 2 2 .5 0 8 7 .8 8 1 1 0 .3 3 0 .0 0 - 1 1 0 .3 8 - 0 . 0 9 - 1214 .61
2 9 0 0 .4 2 0 .0 0 1 0 1 .7 7 1 0 1 .7 7 0 .0 0 - 1 0 1 .7 7 - O .  11 - 1 2 9 1 .2 7
3 4 6 3 .1 5 1 2 .9 4  • 4 8 .6 5 6 1 .5 9 1 0 7 3 .7 6 1012 -  16 2. IB - 5 5 0 .1 3
4 7 8 5 .7 8 0 .0 0 5 3 .3 7 5 3 .8 7 2 7 .6 0 - 2 6 .2 7 - 0 .0 3 - 5 6 8 .8 2
4 1 1 5 2 6 .0 0 9 3 .  20 9 6 .  10- 1 8 9 .3 0 0 .0 0 - 1 8 9 .3 0 - O .  12 - 6 9 9 .8 0
2 1 2 1 9 .2 2 0 .0 0 9 8 .6 8 9 8 .6 8 0 . 0 0 - 9 8 . 6 8 - 0 .  08 - 7 6 6 .1 7
3 5 0 9 .2 1 2 6 .  76 4 8 .6 5 7 5 .4 1 1 2 1 9 .5 9 1 144 .  17 2.24 - 1 8  J 3
4 8 9 5 .2 0 0 .0 0 5 3 .8 7 5 3 .8 7 0 . 0 0 - 5 3 .8 7 - 0 . 0 6 - 5 2 .3 6
5 1 1 4 0 4 .8 0 6 3 .9 6 9 4 .0 0 1 6 2 .9 6 0 .0 0 - 1 6 2 .9 6 - 0 .1 1 - 1 5 3 .0 3
2 1 0 9 9 .2 2 0 .0 0 9 3 .  63 9 3 .6 8 0 . 0 0 - 9 8 .6 3 - O .  09 - 2 1 2 .2 9
3 3 8 9 .2 1 0 .0 0 4 8 .6 5 4 8 .6 5 1 2 1 9 .5 9 1 1 7 0 .9 4 3 .0 0 4 7 1 .2 2
4 7 7 4 .0 0 0 .0 0 5 1 .7 7 51 -  77 0 . 0 0 - 5 1 - 7 7 - 0 . 0 6 4 4 1 .8 4
6  t 1 2 3 8 .8 0 3 5 .7 6 8 2 .  72 1 1 8 .4 8 0 . 0 0 - 1 1 8 .4 8 - O  -  09 3 7 6 .4 9
2 9 5 3 .2 4 0 .0 0 8 2 .6 2 8 2 .6 2 1 1 .0 0 - 7 1 - 6 2 - 0 . 0 7 3 3 3 .0 9
3 3 8 4 .2 9 0 .0 0 4 8 .6 5 4 8 .6 5 9 7 9 .5 9 9 3 0 .9 4 2 -  42 8 2 3 -2 9
4 6 6 6 .2 7 0 .0 0 4 8 .6 5 4 8 .6 5 1 7 .8 0 - 3 0 .8 5 - 0 .0 4 8 0 7 .6 6
7 1 1 2 0 0 .0 0 2 8 .0 0 8 0 .  12 1 0 8 .1 2 0 . 0 0 - 1 0 3 .1 2 - - O .0 9 7 5 4 .4 1
2 9 0 9 .9 6 0 .0 0 7 9 .8 1 7 9 .3 1 1 4 .0 0 - 6 5 .8 1 - 0 . 0 7 7 2 2 .9 0
3 3 6 9 .2 9 0 .0 0 4 5 .8 4 4 5 -  34 9 7 9 .5 9 9 3 3 .7 5 2 . 5 2 1 1 5 7 .4 2
4 6 1 4 .2 7 0  -  00 4 5 .3 4 4 5 .8 4 1 7 .8 0 - 2 8 .0 4 - 0 . 0 4 1 1 4 4 .7 4
8 1 1 2 7 2 .9 2 4 2 .5 3 8 6 .7 3 129 .3 1 5 0 .  40 - 7 3 .9 1 - 0 .0 6 11 1 0 .0 4
2 9 6 7 .8 4 0 . 00 7 9 .9 2 7 9 .9 2 8 5 .0 0 5 . 0 3 0 . 00 1112.21
3 4 3 7 .4 7 5 .2 4 4 5 .9 6 5 1 .2 0 1 0 9 8 .3 9 1 0 4 7 .  18 2 .3 9 1547.31
4 6 7 0 .2 5 0 .0 0 4 5 .9 6 4 5 .9 6 1 2 3 .6 0 8 2 .  64 0 .  12 1 5 3 0 .6 8
9  l 1 2 6 9 .4 5 4 1 .8 9 8 6 .7 3 1 2 8 .6 2 7 9 .2 0 - 4 9 .4 2 - 0 . 0 3 1561 -  28
2 9 5 9 .  19 0 .0 0 7 9 .  92 7 9 .9 2 1 2 5 .0 0 4 5 .0 8 0 .0 4 1 5 7 8 .4 9
3 4 3 0 .7 0 3 .  21 4 5 .9 6 4 9 .  17 1 1 6 5 .5 9 1 1 1 6 .4 2 2 .5 9 1 9 9 2 .6 5
4 6 6 2 .3 7 0 .0 0 4 5 .9 6 4 5 .9 6 1 9 0 .6 0 1 4 4 .6 4 0 .2 1 2 0 4 4 . 81
10 1 1 2 0 9 .7 6 2 9 .9 5 8 6 -7 7 1 1 6 .7 2 9 6 .  00 - 2 0 .7 2 - 0 .0 1 -  2 0 3 7 .5 4
2 9 0 0 .2 1 0 .0 0 7 9 .9 6 7 9 .9 6 1 4 9 .2 0 6 9 .2 4 0 - 0 7 2 0 6 1 .1 4
3 3 7 1 .3 8 0 .0 0 4 5 .9 9 4 5 .  99 1 2 0 2 .7 9 1 1 5 6 .3 0 3 .  11 2 4 4 4 .3 0
4 6 0 4 .0 6 0 .0 0 4 5 .9 9 4 5 .9 9 2 2 7 .6 0 1 81 .6 1 0 .3 0 2 5 0 2 -7 7
1 1 1 1 2 1 0 .0 2 3 0 -0 0 8 6 .7 7 1 1 6 .7 7 1 1 0 .4 0 - 6 . 3 7 - 0 . 00 2 5 0 0 .7 6
2 9 0 1 .2 6 0 .0 0 7 9 .9 6 7 9 .9 6 1 7 2 -4 0 9 2 .  44 0 . 10 2 5 2 3 .9 0
3 3 7 2 .0 2 0.00 4 5 .9 9 4 5 .9 9 1 2 3 7 .5 9 1 1 9 1 .6 0 3 .2 0 2 8 8 1 .3 0
4 6 0 5 .6 5 0.00 4 5 .  99 4 5 .9 9 2 6 0 .8 0 2 1 4 .8 1 0  - 35 2 9 4 3 .0 5
12 1 1 2 0 4 .2 4 2 8 .  84 8 5 .2 3 1 1 4 .1 2 1 2 2 .4 0 8 .  27 0 . OO 2 9 4 5 .3 7
2 9 0 2 .1 9 0.00 8 4 .8 6 8 4 .8 6 1 8 9 .6 0 1 0 4 .7 4 0 .1 1 2 9 7 3 .3 2
3 3 6 6 .5 0 0.00 4 3 .0 0 4 3 .  00 1 2 6 3 .9 9 1 2 2 0 .9 9 3.33 3 2 9 6 .2 2
4 6 0 8 .1 2 0 . 00 5 6 .8 1 5 6 .8 1 2 8 8 .0 0 2 3 1 .1 9 0.33 3 3 5 5 .5 6
13 1 1 1 9 4 .3 3 2 6 .8 6 8 5 .  28 112 .  14 1 2 7 .2 0 1 5 .0 5 0 - 01 3 3 5 9 . 32
2 9 2 1 .0 2 0 . 00 8 4 .8 6 8 4 .8 6 2 0 0 . 80 1 1 5 .9 4 0 .1 2 3 3 8 7 .4 4
3 3 6 6 .7 4 0.00 4 3 .  00 4 3 .0 0 1 2 7 7 .1 9 1 2 3 4 .1 9 3 . 36 3 6 7 8 .4 1
4 6 3 3 .4 0 0.00 5 6 .8 1 5 6 .8 1 3 0 4 . 40 2 4 7 .5 9 0 .3 9 3 7 3 5 .  15
14 1 1 1 7 2 -3 3 2 2 .  47 8 5 .  28 1 0 7 .7 5 1 2 9 .6 0 2 1 .8 4 0 .0 1 3 7 4 0 .0 2
2 8 9 9 .7 4 0 . 00 8 4 .8 6 8 4 .8 6 2 0 6 .0 0 1 2 1 .1 4 0 . 1 3 3 7 6 6 .2 5
3 3 1 4 .8 5 0 .0 0 4 3 .0 0 4 3 .  00 1 2 8 3 .1 9 1 2 4 0 .  19 3 .9 3 4 0 2 7 .3 1
4 6 1 2 .5 4 0 .0 0 5 6 .8 1 5 6 .8 1 . 3 1 3 .6 0 2 5 6 .7 9 0 .4 1 4 0 7 9 .8 5
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15 1 1172 .33 2 2 .4 6 8 5 .2 8 107 .74 127 . 20 ' 1 9 .4 5 0 .0 1 4 0 8 3 .7 2
2 9 0 0 .2 2 0 .0 0 8 4 .8 6 8 4 .8 6 2 0 5 .8 0 12 0 .9 4 O.  13 4107.11
3 314 -. 74 0 .0 0 4 3 .0 0 4 3 .0 0 1277 .19 1234 .19 3 .9 2 4 3 39 .07
4 6 1 3 -2 7 0 .0 0 5 6 .8 1 5 6 .8 1 3 1 2 .2 0 2 5 5 .3 9 0 .4 1 4 3 8 5 .7 3
16 1 1172 .22 2 2 .4 4 8 5 .2 8 1 0 7 .7 2 121.20 13 .  47 0 .0 1 4 3 8 8 .1 2
2 . 9 0 0 .8 6 0 .0 0 8 4 .8 6 8 4 .8 6 199.60 11 4 .7 4 O.  12 4 4 0 7 .9 3 |
3 3 1 4 .4 6 0 .0 0 4 3 .0 0 4 3 .0 0 1261.59 1218 .59 3 -8 7 4 6 1 2 .4 2
4 6 1 4 .3 0 0 .0 0 5 6 .8 1 5 6 .8 1 3 0 3 .2 0 2 4 6 .3 9 0 .4 0 4652.61
17 1 1172.16 2 2 .4 3 8 5 .2 8 107.71 117.60 9 .8 8 0 .0 0 46 5 4 .1 8
2 9 0 1 .2 9 0 .0 0 8 4 .8 6 8 4 .8 6 189-20 104 .34 0 .1 1 46 7 0 .2 6
3 3 1 4 .0 2 0 .0 0 4 3 .0 0 4 3 .0 0 1237.59 1194 .59 3 .8 0 48 4 9 .2 5
4 6 1 4 .9 8 0 .0 0 5 6 .8 1 56 .81 2 8 7 .2 0 2 3 0 .3 9 0 .3 7 4 882 .80
18 1 1171.91 2 2 .3 8 8 5 .2 8 107 .66 104.40 - 3 .2 6 - 0 .0 0 -4 882 .34
2 9 0 1 .7 6 0 .0 0 8 4 .8 6 8 4 .8 6 183.40 9 8 .5 4 O.  10 4895-90
3 3 1 3 .7 8 0 .0 0 4 3 .0 0 4 3 .0 0 1224.39 1181 .39 3 .7 6 5 053 .94
4 6 1 5 .8 9 0 .0 0 5 6 .8 1 5 6 .8 1 2 8 1 .0 0 2 2 4 .1 9 0 .3 6 5 0 8 3 .1 0
19 1 1172 .16 2 2 .4 3 8 5 .2 8 107.71 117.60 9 .8 8 0 .0 0 5 0 8 4 .3 5
2 9 0 2 .7 9 0 .0 0 8 4 .8 6 8 4 .8 6 2 0 3 .2 0 1 18 .3 4 O.  13 5 0 9 8 .8 9
3 3 1 4 .3 0 0 .0 0 4 3 .0 0 4 3 .0 0 1253.19 1210 .19 3 .  85 52 4 3 .4 4
4 6 1 7 .3 6 0 .0 0 5 6 .8 1 5 6 .8 1 3 1 0 .4 0 2 5 3 .5 9 0 .4 1 5 2 7 2 .8 8
20 1 1173.19 2 2 .6 3 8 5 .2 8  ’ 107.91 174.00 6 6 . 08 0 .  05 5 2 8 0 .3 4
2 9 0 4 .8 7 0 .0 0 8 4 .8 6 8 4 .8 6 2 8 2 .8 0 197 .94 0 .  21 5 3 0 2 .0 6
3 3 1 6 .7 5 0 .0 0 4 3 .0 0 4 3 .0 0 1386.39 1343.39 4 .2 4 5 4 4 5 .3 2
4 620-48 0 .0 0 5 6 .8 1 5 6 .8 1 4 2 7 .6 0 3 7 0 .7 9 0 .5 9 5 4 8 3 .7 6
21 1 1173-28 2 2 .6 5 8 5 .2 8 107 .93 178.80 7 0 . 86 0 .0 6 5 4 9 0 .9 0
2 905-60 0 .0 0 8 4 .8 6 84 .  86 2 9 1 .4 0 2 0 6 .5 4 0 .  22 5 5 1 1 .1 3
3 316 .94 0 .0 0 4 3 .0 0 4 3 .0 0 1397.19 1354.19 4 .  27 5 6 4 0 .0 8
4 6 2 1 .7 6 0 .0 0 5 6 .8 1 5 6 .81 441 .30 3 8 4 .9 9 0 .6 1 5675.71
22 1 1173.30 2 2 .6 6 8 5 .2 8 107.94 180.00 7 2 .0 6 0 .  06 5682 . 2 ( •
2 9 0 6 .3 0 0 .0 0 8 4 .8 6 8 4 .  86 295-40 2 1 0 .5 4 0 .  23 5700 .61
3 3 1 6 .9 9 0 .0 0 4 3 .0 0 4 3 .0 0 1399.59 1356.59 4 .2 8 5 815 .94
4 6 2 2 .3 6 0 .0 0 5 6 .8 1 5 6 .3 1 448 .60 3 9 1 .7 9 0 .6 2 5 8 4 8 .3 2
23 1 1047.12 0 .0 0 8 5 .2 8 3 5 .2 3 170.40 8 5 . 12 0 .0 8 58 5 5 .1 6
2 6 8 8 .0 3 0 .0 0 8 4 .8 6 8 4 .8 6 283 .4 0 198.54 0 . 2a 5 0 7 0 .6 7
3 3 1 6 .5 9 0 .0 0  - 4 3 .0 0 4 3 .0 0 1377.99 1334.99 4 .21 5 9 7 2 .0 0
4 3 8 0 .5 3 0 .0 0  ' 5 6 .8 1 5 6 .81 430 .60 3 7 3 .7 9 0 .9 3 5 9 9 9 .5 8
24 1 1046 .97 0 .0 0 8 5 .2 8 8 5 .  28 162.00 7 6 . 72 0 .  07 60 0 5 .0 9
2 6 8 7 .8 6 0 ,0 0 8 4 .8 6 8 4 .8 6 271 .40 186.54 0 .2 7 6 0 1 8 .0 9
3 3 1 6 .2 2 0 .0 0 4 3 .0 0 4 3 .0 0 1357.59 1314.59 4 .  15 61 0 7 .1 9
4 3 8 0 .2 0 0 .0 0 5 6 .8 1 5 6 .8 1 412 .60 3 5 5 .7 9 0 .9 3 6 1 3 0 .6 3
25 1 1046.95 0 .0 0 8 5 .2 8 8 5 .2 8 160.80 7 5 .5 2 0 -0 7 6 1 3 5 .4 7
2 687 .81 0 .0 0 8 4 .8 6 8 4 .8 6 269 .0 0 184.14 0 .  26 61 4 6 .9 3
3 3 1 6 .1 5 0 .0 0 4 3 .0 0 4 3 .0 0 1353.99 1310 .99 4 .  14 6 2 2 6 .2 6
4 3 3 0 .1 6 0 -0 0 5 6 .8 1 5 6 .8 1 410 .20 3 5 3 .3 9 0 .9 3 6 2 4 7 .0 5
26 1 9 5 0 .9 0 0 .0 0 5 1 .8 3 5 1 .8 8 153.40 106-52 0 .  11 62 5 3 .1 4
2 5 8 5 .7 7 0 .0 0 4 5 .0 6 4 5 .0 6 266 .6 0 2 2 1 .5 4 0 .3 7 6 2 6 5 .4 5
3 2 8 0 .0 6 0 .0 0 11 .  l o - 11 .10 1349.19 1338.09 4 .7 7 63 3 7 .7 5
4 2 7 7 .0 7 0 .0 0 i i .  IO 11 .10 405 .40 3 9 4 .3 0 1 .4 2 6 3 5 3 .4 6
27 1 9 5 0 .7 9 0 .0 0 5 1 .8 8 5 1 .8 8 152.40 100 .52 0 .  10 63 6 3 .5 9
2 5 8 5 .6 4 0 .0 0 4 5 .0 6 4 5 .0 6 2 5 9 .4 0 2 1 4 .3 4 0 .3 6 6 3 7 4 .2 3
3 2 7 9 .8 2 0 .0 0 1 1 .1 0 11 .10 1335.99 1324.89 4 .  73 64 3 8 .1 4
4 2 7 6 .8 5 0 .0 0 1 1 .1 0 11 .10 39 3 .4 0 3 8 2 .3 0 1 .3 8 6 456 .07
2a  i 9 2 8 .6 8 0 .0 0 5 1 .8 8 5 1 .8 8 146.40 9 4 .5 2 0 .  10 64 6 0 .3 8
2 5 1 2 .7 9 0 .0 0 4 5 .0 6 4 5 .0 6 247 .00 2 0 1 .9 4 0 .  39 64 6 9 .3 3
3 2 7 9 .5 4 0 .0 0 11^10 11 .10 1320.39 1309.29 4 .  68 6 5 2 5 .7 2
4 197.55 0 .0 0 1 1 .1 0 11 .10 375 .8 0 3 6 4 .7 0 1.84 6 5 4 0 .9 9
29 1 9 2 8 .6 0 0 .0 0 5 1 .8 8 5 1 .8 3 141.60 8 9 .7 2 0 .0 9 6 5 4 4 .6 4
2 5 1 2 .6 6 0 .0 0 4 5 .0 6 4 5 .  06 23 9 .8 0 194 .74 0 .3 8 6 5 5 2 .3 5
3 2 7 9 .2 7 0 .0 0 1 1 .1 0 1 1 .10 1305.99 1294.89 4 '. 63 6602-15
4 197.33 0 .0 0 1 1 .1 0 1 1 .1 0 36 3 .8 0 3 5 2 .7 0 1 .78 66 1 5 .3 3
30 1 9 2 8 .4 4 0 .0 0 5 1 .8 8 5 1 .8 8 133.20 8 1 .3 2 0 .  08 66 1 8 .2 9
n 5 1 2 .4 8 0 .0 0 4 5 .0 6 4 5 .0 6 230 .20 185 . 14 0 .3 6 6 6 2 4 .8 3
3 2 7 8 .9 9 0 .0 0 11-10 11 .  10 1290.39 1279.29 4 .  58 6 668 .75
4 197.09 0 .0 0 1 1 .1 0 11 .10 350 .60 3 3 9 .5 0 1 .72 6 6 8 0 .0 9
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